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GLOSSARY. 






























DIO —- A LAYERING OF MINERALS OF BIFFEREWT COLOR GH SOMPOBITION, 
ESPECIALLY COMMON IM KETAMORPHIC ROCKS. 


ALEAVASE © GIDOTH PLANES GCONSISTEMT.Y DEVELOP IIR 89 MAMY MINERALS. 
THE WIMERALS GEPARATE ALONG THESE PLANES WHEN STRUGK A 
THE SVITABI BLOB, 4 


'CRAVESCE = THE PEAZIMG OF GURL IMG ACTION’ GNEN A REACTEVE MINERAL 
(2 PLASTD 16 CONTACT BiTH MURIATIC OR HYDROCHLORIC ACID. 


PLIATION = A STRUCTURAL TEAM APPLIED TO METAMOMPMIG NOGKS, WEN 

t THE FLAT WIMERALD ARE I PARALLEL AMRANGDYENT, THE ROER 

OIVIDED am 13 FOLIATED, . 

LAGTURE © SEPARATION OF MINERALS ALOUR PLANES THAT ARE ROVOM AnD 
NOT PARALLEL TO EAGH OTHER, A RAMGGM BREAKAGE OF MINERAL 

GRAINS» 


SEDIMENTARY loins = MATURAL AND USUALLY. SHOOTH FRACTURES IN ROCK GMICH TEND TO 
AS GATER AN SEPARATE THE ROCK INTO WLOEKS, MINTS WRVALLY BECOME LESS 
OBYLOUS wITe SEPT, 


AMINATED = A VERY THIN BEDDED ROCK, CLOSESPACER SEBRING PLANES AS 
IM A SALE. LAMINATION PLAMEG ARE UVSUOLLY PLANER OF 


$3 ROCK i 
LOCKING MIN BEARNESS ALGNG WHICH A ROCK BILL SEPARATE. 


GRAINS Wil Gog c= Tr STEER OF i « 
SOWETIVES OD me “ais Kies 


1VREOUS © THE BRIGHT LunTen iF QUARTZ OR GLASS, 
ON THE GEOL 
QUT THAT Wi 


OVERBURDEN 
AREAS. 





































oe ~ BS tte 
VR Ma cd 
5 ee 
CRERACTURE | AUNERSL 
AVAGE = UNEVEN $j QUARTZ GLASSY APPTARAMEE = HARONESS. 
RE 
Tt CLEAVAGE. GCALCEYE i G@PFEACTSCES FREELY th SiLuTe 
[ HYOROCHLORIC ACIO. FLAT 
|} CLEAVAGE FACES, HARDNESS. 
EOCD CLEAVAGE > | FELDSPAR | COLGR © MAROMESS= AGSOCEATED 
1S BEING Of FRACTURE, | WETM LIGHT COLORED ROCKS. 
THE LOG. { SRIRNT SLEAWASE PACES. 
JHE ENCOUN es RAITT LE LORRI ONE ET ARE ROTE TE BOD CLUS CIEE tS ALA TOT 
FRASTURE » eyni te | HARONMESS 7 COLOR, 
(roo 's 
{1S PENETRA amo) 
SOME AREAS | ae eee : ——e 
tN ADJACENEAVASE o SERPEMT IWE COLOR © SREASY FEEL, 


WEATHERING) FRacTURE. 
BY HARD OF ~ ge 

ONE MINER T= PEELS LINE § MEGA 
OR OFSCOLOF nLows CLEAVAGE MACK om 
ROCK GIVES, BIOTITE 
SURFACES % WHITE @ 





rem tmerpeens rae 


ELASTIC ~ WILL BEND AND SPRING 
BACK, PERFECT CLEAVAGE, 

















MUBCOV ETE gs © 
OOD CLEAVAGE, | MokNEGLEDE COLOR = CLEAVAGE FACES SHINE AS 
FRACTURE o & ROCK $$ ROTATED IK LIGHT. 
PYROXENE 
THAT 1S LOeoon aLeavact. OO, CANN TE HARDMESS = WILL FEEBLY EFFERVESCE 


GECAYED L FRACTURE . iN COOL OILVTE AYOROCHLORIC ACID. f 
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A PROPER FIELD BCENTIFICATION OF ROCK SAMPLED SY THE CORE PRILKL 7S OF AID TO THE GECLOGIST 
IN DETERMINING THE HISTORY, PROPERTIES, AND DURABILITY OF A ROCK AND AIOS THE ENGINEER IN EVALUATING 
THE SUITABILITY OF A ROCK AS APPLIED TO VARIOUS ENGINEERING WORKS, 


GENERA) INTRONUCT LON 


ROCKS ARE GENERALLY Div! ) INTO THREE GROVES ON THE BASIS OF ORIGIN AND ARE THEN SUB~ 
CIVIDED ok THE BASIS OF COMPOSITION AND SYRUCTURE, 











MATERIAL. THESE ARE 


" SOUNIZED BY THE INTER@ 
TIME LACK OF NOTICEABLE 


IGNEOUS PDCKS - inCLUOE ALL ROGKS FORMED FROM MOLTEN 
AND SVYRUCTURE IW THE ROCK 


LOCKING AND CRYSTALLINE APPEARANCE OF THE 
SUCH AS BANDING AND FOLIATION. 





SEDIMENTARY ROCKS =~ iexnupt ALL ROCKS FORMED SY DEPOSITION ON THE CRUST OF THE ZARTM BY AGENTS SUC 
AS GATER AND WIND. t LY ts DERTIV FROM THE B DOWN OR WEATHERING 
OF CALDER ROCKS. THESE ARE MOST EASILY GN} D FROM THE ROUNDED APPEAR THE GRAINS, THE 

PRESENCE OF FOSSILS, CR THE LAYERED APPEARANCE OF THE ROCK AS A WHOLE, 


METAMORPHIC ROCKS ~ imauce soTH 
BY MEAT, PRESSURE, OR tHVADING GA 
LOCKING MINERAL GRAINS AND BY THEIR OR 
GRAINS BrilC SIVEG A LAYERED OCA BANDED APPEARANCE 
SOMETIMES DOIFFICAALT TO DISTINGUISH. 














OCKS THAT HAVE SEEN SUBJECTED TO A CHANGE 
KS ARE MOST EASILY RECOGNIZED BY INTER= 
INITE SYSTEMATIC AND ARRANGEMENT OF MINERAL 

THE ROCK. IGNEOUS AND METAMORPHIC ROCKS ARE 








ALL THREE OF THESE GENERAL ROCK 
ON THE GEOLOGIC MAP, LARGE AREAS ARE Conré 
CUT THAT WITHIN THESE AREAS EITHER ONE OR 
OVERBURDEN OR AS LEOUE ROCK, TNIE 15 
AREAS. 


ENTEO #1 NEw YORK STATE. AS CAN BE SEEN 
OF ONE ROCK TYPE, BUT IT MUST BE POINTED 
5 S ¥N THE 


ROCK TYPE 










SINCE ANY ROCK I8 AN ASGRES 





OF MINERALS, ITS FINAL CLASSIFICATION WILL INVOLVE THE 
{DENTIFICATION OF SOME OF THE MORE » AS AN AID TO THIS IDENTIFICATION, A Conson 
MineRaAL CHART {S PROVIDED. ADDITIC: UL IN IDENTIFYING MINERALS INCLUDE A POCKETKNIFE, 
A SAMPLE PIE OF QUARTZ, A GMALL HAND LENE, AND A DROPPER TOP £& TLE OF DILUTE (HALF ACID AND HALF 
WATER) HYOROCHLORIC (muURIATIC) ACEO. THE USE OF THESE ITEMS 1S DESCRIBED ON THE CHART. 
















FRAC TURING 





VERY FEW ROCK FORMATIONS OCCUR IN NATU! FC UNBRO: THE RO ARE 
USUALLY FRACTURED, FAULTED OR J TO VARYING “ SOME P FRACTUR ARE 
CLOSE TOGETHER AND IN OTHERS Teify r APART SURFACES OF THE FRACTURES MAY BE ROUGH 





OR RELATIVELY SVOOTH, THEY MAY BE COATES wiTH MINERAL IAATERIAL, SOME OF THE FRACTURES IN A ROCK 
CORE MAY BE NOTED "C HAVE A DEFINITE AWD SYSTEMATIC RELATIONSHIP TO THE ANGLE AT WHICH THE CORE 
1S BEING ORILAED. ANY PREDOMINATE AND PEASISTENT SET OF FRACTURE SURFACES SHOULD BE NOTED ON 
THE LOG. ALSO, AMY LOSS OF WATER BMOULD BE NOTED, AS THIS $f AN INDICATION OF WHETHER OR NOT 

THE ENCOUNTERED FRACTURES ARSE OPEN OR TIGHT, 














MOST ROCK 18 WEATHERED FO VARYING DEGREES MEAR THE SURFACE AND BECOMES FRESHEP AS IT 
$$ PENETSATED, WEATHERING PENETRAYES SCEX MOST AAP IDOL AL 0° TURES PND FRACTURE ZONES. iN 
SOME AREAS OF THE STATE WEATHERING MAS PENETRATED SEVERAL + NG SUCH ZONES, WrEREAS, 
1N ADJACENT SIMILAR BUT UNFRACTUKED ROCK IT ? PEMETRATEC ‘ THE DEGREE OF 
WEATMERING SHOULD BE NCTEM ON THE DRILA LOG. BACLY WEAT? 4 1S THAT wHICH CAN BE CAUMBLED 
SY HAt:D OR BY CNLY LIGHT PRESSURE BRITH A HAMte, PARTIALLY WEA RED ROC iS THAT $N WHICK ONLY 
ONE MINERAL OR SET OF MINERALS 1S BADLY BEATHERED. SLIGMTLY WEATHERED ROCK 18 BLEACHED, STAIMED, 
OR OISCOLORED, WITH THE STAtwiMwe PENETRATING THE ROCK FOR ONLY A SHORT DISTANCE, UNWEATHERED 
ROCK GIVES # FRESH APPEARANCE IN THE COAL 1K SOME CASES, CNL Y SURFACE STAINING ALONG FRACTURE 
SURFACES WILL 3€ NOTED AND VME REMAINDER OF THE BOCK WILL APPEAR FRESH AND UNWEATHERED, 
















THE IMPORTANCE OF RECOVERY OF 
THAT iS LOST THAT 18 MOST CRITICAL, YO Tee oe 
DECAYED LEDGE LO EE SAMPLED iN AM EFFORT TO CBTAIN RECOVERY A® 
DRILL RCOS DROP AND NO SAMPLE CAN BE CETAIMED t& THE APPARENT VOID, THIS FACT SHOULD BE NOTED 
On THE LOG. ANY ADSITIONAL REASOMS POR POOR RECOVERY AWD DEPTH AT WHICH THE POOR RECOVERY 
OCCURS SHOULD ALSO B£ RECORDED. 







IT BE OVER-EweHasIZED, OFTEN IT 1S THE CORE 
GF A CUT OR STRUCTURE, ALL SOFT SEAMS AND 
ROACHING 100 PERCENT. IF 


































































CHECK LIST FOR iMFORVATION ON DRILL Locs SLORY 


THE FOLLOWING ITEMS SHOULD BE MOTED ON DRILL LOGS WHERE C/HDING ~ A LAYERING OF MINERALS OF DIFFERENT COLOR GH COMPOSITION, 
ROCK 1S ENCOUNTERED: . ESPECIALLY COON IM KIETAMORPHIC ROCKS. 
1. ROCK TYPES AND DEF TH OF CHANGES, CLEAVASE - SHDOYH PLANES CONSISTENTLY DEVELOP i108 Ih MAMY MINERALS. 
THE WIMERALS SEPARATE ALONG THESE PLANES BME STRUCK A 
2. DEGREE ANO DEPTH OF BEATHERING. aon. 
. DEGREE AND DEPTH OF FRACTURING, EXP EAVESCE = THE PIZZivem OR BUBEL IMG ACTION GNEH A REACTIVE MINERAL 
7 t@ SLAGED 16 COMTACT ITH MURSATIC OR MYDRGOALORIC ACID. 


kk, NUMGER OF PIECES PER RUN AND LIMITS OF SIZES. 
FOLYATIOHM © A RIRUCTURAL TERM APPLIED SO METAMORPHIC AOCHS, WEN 
o PERCENT OF RECOVERY. THE PLAT MIMERALD ARE I PARALLEL ARRANGEENT, THE ROCK 
s 13 POLIATED. : 


? 

&. PROBABLE REASONS FOR POOR RECOVERY. 
FRACTURE @ SEPARATION OF MIWERALS ALOMS PLANES THAT ARE ROUGH AD 

7 

8 


« COLOR CF WATER RETURN AND DEPTH OF CHANGES. MOT PARALLEL TO ZACH OTHER, A RANOG BREAKAGE OF MINERAL 
GRAINS. 


» OEPTH OF WATER LOSSES, 
JOINTS = PIATURAL AND USUALLY. SMOOTH FRACTURES IM ROCK EMICH TE TO 
SEPARATE THE ROCK INTO BLOCKS, JOINTS WEUALLY BECOME LESS 
OBVIOUS HITH SEPTH, 


PACED SEDC ING PLANES AS 
RE USUALLY PLANES OF 
Li SEPARATE. 





LAMINATE = A VERY THIN BEOOLD ROCK, 
Im A SMALE. Laat 


i 
WEAKNESS ALONG BHICH A ROCK 





METALLIC = Tk LUSTER OF METAL. 





VITREOUS 





NAL AAR YC FRE A AEE IE EY A SN STE SYST SESE EMR RSET RAE STEEL TIE SAE PSNR INE ITT ETE TT ATS LETTS TLL LER IT SD RE SS TE 


SOMMON WINERALS CHoRT 
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I rope 
HARDNESS CLEAVAGE OR FRACTURE | AUNERAL | DISTINGUISHING CuapacTeRISTICS 
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j WHITE, LIGHT ELLE, WILL- SCRATCH A KNIFE VITREOUS NO CLEAVAGE = UNEVEN j QUARTZ | GLASSY APPEAMAMCE = HARDNESS. 
PitK, TRANSPARENT. BLADE ANC GLASS. FRACTURE. j } 
wiih Seti ae us MS eRE) emai Crabs Cen el elie ei aa 


WHITE, BLUE, PINK, EASILY SCRATCHED WITH VITEROUS PERFEGT CLEAVAGE. GALCEYE | €MFERCESCES FREELY Im DILUTE 
TRANSPARENT, A KNIFE. HYDROCHLORIC ACIO. FLAT 
| CLEAVAGE FACES, HAGORESS. 











































































































mee ~— 1 ee cern me tare woreee erent e nares 
7 
WHITE, GREY, PINK, CANNOT BE SCRATCHED VITREOUS VERY GOOD AEAVAGE = { { ASSOCEATED 
GREEN, FED. WiTrH A KNIFE; CAN BE { | UNEVEN FRACTURE, ) | ROCKS. 
| SCRATCHED WITH QUARTZ. | i “ | : ESS fae 
BRASS YELLOW. HARD = WILL SCRATCH A | METALLIC UNEVEM FRACTURE, 
KNIFE. 
GREEN, YELLOW |} SOFT = EASILY SCRATCHED BAXY = NO CLEAVAGE = | - SREASY . 
GREEN, { WITH A KNIFE, | GREASY | UNEVEN FRACTURE. | { 
WHITE, LIGHT | CAN BE SCRATCHED WITH ) VITREOUS PERFECT = PEELS LIKE | MISH | ELASTIC = GILL BEND @ND SPRING 
BROWN, SLACK, | A PENNY, } PAPER ALONS CLEAVAGE | BLACK © BACK. PERFECT CLEAVAGE, 
| I PLANES. BIOTIT 
j Wei rE } 
$  wUsoOVITE | 
GREENISH BLACK, | SCRATCHED WITH A KNIFE Vi TREGUS VERY GOOD OLEAVAGE. T we rat € COLOR CLEAVAGE FACES SHINE AS 
} BLACK, WITH DIFFICULTY, EASILY UNEVEN FRACTURE. | & } ROCK iN LIGHT. 
SCRATCHED WITH QUARTZ. PYROXENE j 
— wt — = a. cea ncereerself enone amerenner near Cece en LE 
WHITE, GREY, SCRATCHED WITH A KNIFE, VITRESUS VERY GOOD GLEAVAGE } O14, Cai TE | WARONMESS ~ WLLL FEEBLY ECFFERYVESCE 
1 ' Ls | 5 t CFFERYE 





i UNEVEN FRACTURE. ; i 


are ER ee ee 


DILUTE HYDROCHLORIC ACID. 
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TZ APD FOLOSPAR PREM 
iw, @ GREE FHS 


DIST®IBUTE. EASIER 
: GNITE of 


TZ AND IF SO IS 
o WHITE OR GaEy 


OKEN. A KARD 
FE BLADE OR 


INCTLY CRYSTALLINE. 
(TE FLAKES. EASY 


WORE IN DIAMETER 


OMFFICMT TO ORILL, 


TO DRILL, DEPENDING 


OFTEN 
ORILLS EASILY. 


DILUTE HYOROCH. ORIC 
EC IN ANY PREPORTION. 


LAMINATED, SOMETIMES 
WILL NOT EFFERVESCE IN 
$ GOLD) ANO cOMETIMES 
CAN BE SCRATCHED wiTw A 





























TENT. 





IGNECUS 
(see wae anc Text) 


DARK COLORES 
IGNEOUS RCCK 


















METAVORPHIC 
(see map ANO TExT) 








FOL TATED 
(coarse 
GRAINED) 


LIGHT COLORED GROVP,. 


THIS GROUP CAN BE SUB- 
CIVIDED IN THE FIELS 
ON THE BASIS OF GA he 
SIZE AND QUARTZ CON= 





GROUP, 


THIS GROUP CAN BE SUB- 
OlVIOEO IN THE FIELD 
OMY WITH DIFFICULTY. 
























QUAFTZ, 


QUARTZ 
FELOSPAR 
WICA 


MCENBLENOE 


PYF CXENE 


FELCSPAR 
WICA 


PYSCKENE 


FELTSPAR 


BLACK WICA 
MORN BL ENDE 


PYROXENE 
FELDSPAR 


PYROXENE 








FELOSPAR 


PYROXENE 


MICA 
QUARTZ 
FELOSPAR 















rq taren 
FINE 
@RAINED) 









MICA 
QUARTZ 
FELOSPAR 










MOREL ENCE 


HORNBL ENBE 


HORNBL ENDE 


VEPY CCARSE 


GFeinec 


@OARSE TO 


FINE GRAINED, 
INTERLOCKING 


GRAINS 


CCASSE TO 


FINE GRAINES, 
INTEPLOCK ING 


GRAINS 


COARSE TO 


canoer [ms ome iti 

















FINE GEAINED, 
INTERLC SK ING 


GRAINS 


COARSE 


INTERLOCKING 


GRAINS 
MEDIWW TO F 


GRAINS 


INTERL COK ING 













Ine 


STRUCTURE COMPOS! 10% ORIGINAL ROCK 
GLASEY APPEARANCE. FRACTURES ACRCSS THE GRAINS WHEN BROKEN, A HARD 
QUARTZ QUARTZ/TE SANDSTONE DENSE ROCK AND OIFFICULT TO DRILL. WILL SCRATCH A KNIFE BLADE OR 
GLASS, 
MEST EFFERVESCES IN DILUTE HYDROCHLORIC ACID. USUALLY DISTINCTLY CRYSTALLINE. 
cavciTE, Eee ere Einar acnarues Sitm A'PeieuIPEs” OFTEN cOnaINe SARPCTE FUSRES® EASY 
TO DRILL, 


GREEN SERPENTINE YELLOWISH GREEN COLOR, SOFT, CAN BE EASILY SCRATCHED WITH A PENKNIFE. 
USUALLY 18 FRACTURED, EASY YO DRILL. 


BANDED APPEARANCE. LONG DIMENSIONS OF MINERALS ALIGNED, MODERATELY 
GRANITE DIFFICULT TO ORILL. 

FLAT MINERALS ALIGNED AND EASILY SEEN @ITH NAKED EYE. COvPOSED 
SLATE GENERALLY OF A LARGE PERCENTAGE OF MICAS, 


= pee 







DIASESTIC PROPERTIES 


LARGE GPAiweSIZE. CAN CONTAIN WAY MINERALS SCT QUARTZ APO FELOSPAR PREM@ 
COMIMATE, ORILLS WITH MOCERATE DIFFICULTY. MHITE, Piw, OP GREG: FELO- 
SPAR, 


LIGHT COLOM, WHITE, GREY, OF PINS, SOMETIMES GIVES A SALT AND PEPPER 
APOEEARANCE DLE TO MINCR AMOUNTS CF APHIBOLE ANS PYROXENE, MINERAL 
GPAINS EGUALLY DISTAIBITED, OQve0TZ A VAUCA PART OF THE ROGK, OAILLE 
BITH WOCERATE CIPFICU TY. GHITE, PINK OR GREEN FELCEPAPS, 
















PEQMATITE 
























LIGHT COLOR, LITTLE OR WC QUARTZ, MINERALS EQUALLY BIST@IBUTED. CASIER 
TO DRILL THAN GRANITE. OF TEN A SALT AND PEPPER APPEARANCE, GHITE Of 
Pine FELOSPARS, 





OFTEN HAS *& GREENISH APPEAPANCE. OF TEN CONTAINS QUARTZ AND IF SO IS 
CALLES QUAPTZ DIORITE, EASIER TO BRILL THAW GRANITE, aMITE OR GaLY 
FELOSPARS, 






















COARSE GRAI’. SIZE, DARK COLOR, 
OR GRAY FELOS#ARS, 


€ASIER TO DRILL THAW GRANITE. WHITE 













FINE GRA!MeSIZE, SARK COLOR, COM/VONMLY CALLED TRAP ROCK, EASIER TO 
OPILL THAN GRANITE, 








DiAZOSTIC PROPERTIES 











FLAT MINERALS ALIGNED AND SEEN WITH THE NAKED EVE WITH DIFFICUTY. 
CONFUSED WITH SHALE. SHALE MAS A DULL SURPACE, UHEREAS THE SURFACE 
OF SLATE 18 SHINY. ORILLS EASILY. 


scr se ace sii | SORS | bueDsTie reese 


SEDIMENTARY 
(see mae and TEx7) 


VERY COARSE 
TO FINE 
RCUNDIED GRAINS 


MECIUM TO FINE 
ROUNDED GRAINS 


ANGULAR TO 
ROUNDED GRAINS 
LARGELY INTER] 
LOCKING 


ANGILAR TO 7 
ROUNSED GRAINS 
LARGELY INTER 
LOCKING 


VERY FINE 
ANGULAR 
PARTICLES 


ROCK 
FRAGMENTS 
QUARTZ 
FELDSPAR 


QOLOMITE 
CALCITE 


GQLAY 
QUARTZ 
FELDSPAR 


CALCITE 
SILICA 
CLAY 


GALCITE 
SILICA 
GLAY 


COARSE GRAIN@SIZE, ROUNDED PEBBLES UP TC AN INCH OR MORE IN DIAMETER 
COMPOSING THE MAJOR PART OF THE ROCK, WODERATE TO DIFFICULT TO DRILL, 
GEPENDING ON TYPE AND STRENGTH OF CEMENT. 


SAND°SIZE ROUNDED PARTICLES, MODERATE YO DIFFICULT TO DRILL, DEPENDING 
ON TYPE AND STRENGIH OF CEMENT, USUALLY BREAKS AROUND YHE GRAINS, 


DENSE STONE WHICH EFFERVESCES FREELY IN DILUTE HYDROCHLORIC ACID. OFTEN 
CONTAINS FOSSILS, OFTEN 18 VEINED WITH WHITE CALCITE. DRILLS EASILY. 
CAN BE SCRATCHED WITH A KNIFE. FLAT CALCITE FACES SHINE AS ROCK IS 
ROTATED IN LIGHT, SOMETIMES CONTAINS CHERT, A DIFFICUT MINERAL TO 
ORILL. 


SIMILAR TO LIMESTONE BUT EFFERVESCES OMY FEEBLY IN DILUTE MYOROcHLORIC 
ACID. LIMESTONE AND DOLOMITE MAY BE POUND IN NATURE IN ANY PROPORTION, 
ORILLS EASILY. CAN BE SCRATCHED WITH A KNIFE, 


PRESENTS A DULL APPEARANCE AND 18 USUALLY DISTINCTLY LAMINATED. SOMETIMES 
CONFUSED WITH FINE GRAINED LIWESTONE, BUT WHEN Tes het bea NOT EFFERVESCE IN 
FOO. 


ACIO, OFTEN CONTAINS SCATTERED GRAINS OF PYRITE $ GOLD) AND SOMETIMES 
(S VEINED WITH CALCITE OR QUARTZ. ORILLE EASILY. CAN BE SCRATCHED BITH A 
KNIFE, 
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SECTION 2 


EXPLORATION AND SAMPLING 


PAGES 
Dock PIPE, DRILL Rop, Casinc, SAMPLE SPOON & CorE 
BARREL SIZES AND NOMENCLATURE 
2-2 INSTRUCTIONS FOR UNDISTURBED SAMPLING OPERATIONS 
SM 1627, Revised 12/14/77 
MANUALS 


EFFECTS OF FREEZING UNDISTURBED SoIL SAMPLES 
TECHNIQUES TO IMPROVE UNDISTURBED SAMPLING 
NCHRP #33 AcaurISITION AND USE oF GEOTECHNICAL INFORMATION 


NOMENCLATURE 
) Z 
. AW 
NW 
NOMENCLATURE 
BW 
HW 
NOMENCLATURE 
BX 
NX 
NOMENCLATURE 


) 2's" Extra Heavy 
4" Extra Heavy ° 


NOMENCLATURE 


AWG 
BWG 
NWG 
NXD3 
HWG 


NOMENCLATURE 


? ph 
ai 
3." 


DRILL ROD 


f& h& 
oe) 


CASING X SERIES (FLUSH COUPLING) 


DRIVE PIPE 


COUPLING I.D. 


2.4 
3.0 


COUPLING 0.0. 


35" ‘Random 
43° 


CORE BARRELS & BITS 


HOLE SIZE 


LENGTH 
2'-3'-5' 


1'-2'-5'-10' 
1'-2'-5'-10' 


LENGTH 


1'-2'-5!' 
1'-2'-5' 


LENGTH 


2°—-5' 
2'-5! 


LENGTH 


Random 
5! 


CORE SIZE 


ni OI = 


GENERAL PURPOSE: 


Shelby tube samples are ta 
laboratory testing to obtain t} 
of fine grained soils containis 
organic material. It is extre: 
pressed and transported with a 
sampling and careless handiing 
results that could result in u 


1. MEASUREMENTS 


A. All measurements shoul 
This includes measurem 
and sampler and Jength 


2. CLEANING OUT HOLE 
A. The hole should be cle 


B. Clean out should be do 
if materia! cannot be 
conventional type too] 


“C. Do not use bottom disc 
Frequently samples are 
center. 


3. RATE OF PRESS 


A. Shelby tube should be 
_ operation. 


B, Make sure ports are cl 


C.. For soft soils wait 5 
one complete turn to s 


4. AMOUNT OF SAHPLE PRESSED 


A. Overpressing causes sa 








B. For stationary piston 
1.5 feet. After lowe 
positive locking devia 
should always be used 
removal of sample fro 

actuating rod to break 
- the sampler. 


“CC. There may be conditio 
- obtained. If recover 
sample in tube. If rq 
sample from shelby tu 

-not mash or remold sai 
Bureau with shelby 


D. if sample cannot be p 





RE WITH i 
TION TAPE! | 


PLASTIC CAP 


oe} 


‘ 1 i 4 fio 











SECURE WITH 
FRICTION TAPE 


FILLER-LOOSE 
MATERIAL 


TAPE j Bs p2"wax SEAL 


UNDISTURBED 
SCiL SAMPLE 


= 


= f SA" wax seat 


JT 
PLASTIC CAP 
SHELBY__ TUBE 


NGT TO SCALE 


INSTRUCTIONS FOR UNDISTURBED 


SAMPLING OPERATIONS 





NOMENCLATURE 


2 
NW 


NOMENCLATURE 


BW 
HW 


NOMENCLATURE 


NOMENCLATURE 


) 2's" Extra Heavy 


4" Extra Heavy ° 


NOMENCLATURE 


AWG 
BWG 
NWG 
NXD3 
HWG 


NOMENCLATURE 


a 
ai 
35" 


DRILL ROD 


CASING X SERIES (FLUSH COUPLING) 


DRIVE PIPE 


pet 
36° 


CORE BARRELS & BITS 


HOLE SIZE 


SAMPLE SPOONS 


COUPLING I.D. 


2.4 
3.0 


COUPLING 0.0." 


Sit! Random 
e 43 f 


I.D. 


LENGTH 
2°-3'-5' 


1'-2'-5'-10' 
1'-2'-5'-10' 


LENGTH 


1'-2'-5! 
1'-2'-5! 


LENGTH 


2'-5' 
2°'-5' 


LENGTH 


Random 
5! 


CORE SIZE 





GENERAL PURPOSE: 


Shelby tube samples are taken to obtain undisturbed samples for 
laboratory testing to obtain the strengti and settlement properties 


of fine grained soils containing silt and clay and in some cases 
organic material. It is extremely important that the samples be 
pressed and transported with a minimum amount of disturbance. 
sampling and careless handling of samples causes misleading test 
results that could result in uneconomical designs. 


1. MEASUREMENTS 


A. All measurements should be made and recorded accurately. 
This includes measurements of drive pipe, drilling tools 
and sampler and length and recovery of sample pressed. 


2. CLEANING OUT HOLE . 
A. The hole should be cleaned cut thoroughly before sampling. 


8B. Clean out should be done with a clean-out jet type auger. 
if materia! cannot be removed with these teals the use of 
conventional type tools wil! be permitted. 


~C. Do not use bottom discharge chopping bit in soft soils. 
Frequently samples are received with jet holes in the 
center. 


3. RATE OF PRESS 


A. Shelby tube should be pressed by a smooth continuous 
operation. 


B. Make sure ports are clean. 


C. For soft soils wait 5 to 15 minutes before rotating sampler 


one complete turn to shear end of sample. 
&. AMOUNT OF SAHPLE PRESSED 


A. Overpressing causes sampie disturbance. 


Do not overpress. 


B. For stationary piston type sampler maximum press should be 
1.5 feet. After lowering sampler to bottom of hole a 
positive locking device to hole actuating rod stationary 
should always be used before pressing sample. After 
removal of sample from drill hole be sure to back off 
actuating rod to break vacuum before removing piston from 
the sampler. 


C. There may be conditions where full recovery may not be 
obtained. If recovery is greater than .5 feet retain 
sample in tube. If recovery is less than .5 feet remove 
sample from shelby tube and ~ut sample to fit in jar. Do 
not mash or remold sample. 
Bureau with shelby tube samples. 


Ds <Tf sample cannot be pressed use brass liner sampler. 










STATE CF NEW YORK 


DEPARTMENT OF TRANSPORTATION 
SOIL MECHANICS BUREAU 





Poor 


Forward jar to the Soil Mechanics 


PREPARED 
CHECKED BY: _ 


Cc 


WAX PLUGS 

A. A wax plug approximately 3/4 inches in thickness should be 
poured in the bottom of tube (cutting edge end). The 
laboratory uses this plug as a piston in pushing the sanple 
out. 


B. A wax seal not greater than 1/2 inch in thickness should be 
poured in the top. Please avoid thick plugs as they are 
difficult to remove. 


C. The wax should consist of approximately equal parts of micro- 
crystalline wax (yellow or brown) and paraffin (white). 
Never use micro-crystailine wax alone on tubes or jars as it 
is very difficult to remove. 


SEALING TUBE 


A. <Any space remaining between the wax plug anc the top of the 
' tube should be filled with light loose material such as 
sawdust. 


B. Plastic ceps snouid be placed on each end of tube and secured 
to tuhe with friction tape. No waxing is required on plastic 
caps. 


LABELING TUBE 


A. Print on top cap with magic marker the hole number and sampte 
numoer. This is precaution against label being lost. 


8. Paste and tape label on tube approximately ten inches from 
top of tube with friction tape or masking tane. The latel 
should include project, sample number, project name, hole 
number, station, offset and depth of sample. 


TRANSPORTING SHELBY TUBES 


A. Careful samsling in field can be ruined by careless handling 
of samples. Transport and ship sample in upright position- 
Carrying racks with orcper cushionine should be used. 

Design for rack is available from Sureau of Soil Mechanics. 
Handle tubes carefully and avoid dropping, rolling and 
hanging together. 


B. Protect sample from freezing or excessive heat. 


SUBSURFACE EXPLORATION AND SOIL SAMPLE NUMBERING SYSTEM 


Drill hele nuribers or combinations of letters and numbers should 
not be repeated on any one preject. Standard abbreviations are 
NDA - drill hole, DN - undisturbed sample drill hole. AH - auger 
hole, ard RP - retractable sampler hole. 


All samples from any given hole should be numbered consecutively 
From the tcp to the bottom of hole. Standard abbreviations for 
samples are J - jar, T - shelby tube, BL - brass liner, and 

B - bag, do not change consecutive numbers if type of samples 
cbtained change in hole. = 


REVISIONS: 
RI-CHANGES AND AODITIONS 5/12/65 
R2-CHANGES AND AODITIONS 12/14/77 





DRAWING NO. 
SM 1627R2 


Ae. 


PLASTIC CAP 









SECURE WITH 
FRICTION TAPE 


FILLE R-LOOSE 
MATERIAL 


TAPE 4 Ls p2'wax SEAL 


UNDISTURBED 
SOIL SAMPLE 


= 


SECURE WITH t 


{3° wax SEAL 
FRICTION TAPE 


) 


PLASTIC CAP 


SHELBY 


__._ LUBE 


NCT TO SCALE 





INSTRUCTIONS FOR UNDISTURBED 
SAMPLING OPERATIONS 
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SECTION 3 


LABORATORY TESTS AND TEST PROPERTIES 


PAGES 
Sau NoMOGRAPHIC CHART FOR FUNDAMENTAL, VOLUMETRIC AND 
GRAVIMETRIC RELATIONS FOR SOILS, CONCRETES AND 
Porous MINERAL MATERIALS 
3-2 PLASTICITY CHART 
3-2A ATTERBERG’S SOIL CONSISTENCY CLASSIFICATION SYST=M 
3-3 to 3-9 Test Request PROCEDURES 
3-10 to 3-15 THE Use oF X-RAYS IN SOIL TESTING 
3-16 EFFECT OF PRECOMPRESSION ON UNDRAINED SHEAR STRENGTH 
3-1/7 INFLUENCE OF PLASTICITY INDEX ON DRAINED FRICTION 
ANGLE oF CLAYS 
MANUALS 


STP-1 Test PROCEDURE FOR SPECIFIC SURFACE ANALYSIS 
STP-3 LABORATORY STRENGTH & CONSOLIDATION Test PROCEDURES 





RELATIONS FOR SATURATED UNIT VOLUME OF POROUS MINERAL MATERIAL 


NOMOGRAPHIC CHART FOR FUNDAMENTAL VOLUMETRIC 

AND GRAVIMETRIC RELATIONS FOR SOILS , CONCRETES, 

AND POROUS MINERAL MATERIALS 
A STRAIGHT LINE THROUGH 1.5 —— 0.60 


KNOWN VALUES ON ANY TWO 
A-SCALES DETERMINES OTHER @2 


i 


) DIRECTIONS LOR USE: 


VALUES ON THESE SCALES. 
A STRAIGHT LINE THROUGH 
VALUES ON SCALE 82, AS USE ONLY WITH 
DETERMINED FROM SCALE A2, SCALES B2-AB 


14 






















AND SCALE AB DETERMINES 62A——-10 rr 
VALUES ON SCALE 8). 55 ‘ 
IF NECESSARY, 
ESTIMATE SPECIFIC 55 
GRAVITY OF SOLIDS 50 12 
2. FROM AVERAGE Ml 
VALUES GIVEN BELOW. 70 
: 45 1 
WH 
ci 12 Q 
zs ; 
K = 35 
ny AVERAGE SPECIFIC w ; ¥“ Y 1.0 50 
j 80 & 
in GRAVITY VALUES 3 50 13 : S 
Q : 
ly 
J : % 
8 -ORGANIC SOILS iS ¥ 2 309 
x q ly > 
$26 KG io 3 14a = 
LEAN CONCRETE % € & u 
. tS 90 ¥ 9 .45 
aS 2 60 q S kos 
i> SANDS AND GRAVELS é 7 15 Y 
RS & q zg S 
1S INORGANIC SILTS yy SJ ide S 
1.27 Q 
v BOULDER CLAYS x > i 
= = /30 16 > & 0.7 
is VERAGE CONCRETE || | ips id 5° 
ih LEAN TO MEDIUM CLAYS || S x ¥ ven 
(4 = 2) 17 5 
hy = & & a 
; 06 
bee MEDIUM TO FAT CLAYS | | 2 10 « ss 
iS : eae % 
aS kg Sy 
|x ENTONITE CLAYS z ps 9 N35 
19 = 
pee ~ i20 ms TAS 
RICH CONCRETE re S : 
tu ~—2.0 WY 
g : x . Q30 
: 130-—F 2,8 { 
: - 04 
: ™~ 
| REEINITIO I: 226 S 
| SPECIFIC GRAVITY = RATIO OF 3 S 
| WEIGHT OF SQLIDS TO WEIGHT 140- ew 
| OF EQUAL VOLUME OF WATER. 2.34 # 0.25 
| DENSITY = WEIGHT PER UNIT Be = 
: VOLUME, 150 24 S 
| SATURATION = VOIDS COMPLETELY 
| FALED WITH WATER. SCALES 82-AB 25 


















VOLUME OF VOIDS = n = te Wwe 0 %y= WEIGHT OF WATER 





0.15 
VOLUME OF SOLIDS =i/-n = 74> 





SATURATED WATER CONTENT = -$/00 IN PER CENT 

UNIT WEIGHT OF WATER = %,= 1.0 GM. PER CC. = 62.4 LBS. PER CU FT. 
Diy DENSITY = DRY UNIT WEIGHT = 3ft-n}hy = rs Ww 

SATURATED UNIT WEIGHT = 42£- x, 

EFFECTIVE UNIT WEIGHT UNDER WATER = $PE- %- W= PEE W 
FOR PARTIALLY SATURATED MATERIALS: 


, = 6 mw MEASURED ‘WATER CONTENT 
DEGREE OF SATURATION = G = MEAS URED Are SON WATER CONTE) 


eRe ae) 2 cases 


O10 


Pe Pree OF bree 6.3 








0.20 . 





ATER CONTENT FROM SCALE A2 





° 


n = POROSITY = VOLUME OF VOIDS PER UNIT VOLUME 


w = SATURATED WATER CONTENT IN PER CENT OF DRY WEIGHT 


USE THIS SCALE ONLY WITH SCALES BI AND AB - OBTAIN SATURATED 


Rs Se 


DESIGNED BY 

P.C. RUTLEDGE 
PURDUE UNIV. 
JANUARY 194i 
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PLASTICITY 




















LIQUID LIMIT (%) 


SYMBOLS 


Inorganic clays. of low to me dium plasticity, qravelly clays, sandy 
clays, silty clays, lean clays. 

Inorganic siltsand very fine sands, rock flour, silty or clayey fine 
sands or clayey silts with slight plasticity. 

Inorganic clays of high plasticity, fat clays. 

Organic cloys of medium to high plasticity, organic silts. 

Inorganic silts, micaceous or diatomaceous fine sandy or silty 


solls, elastic silts. 


When comparing soils at equal liquid limits, the toughness 
and dry strength increases and the permeability and 
rate of volume change decreases as the plasticity index 


increases. 


1 PLASTICITY CHART 





DIAGRAM SHOWING SHRINKAGE OF CLAY SOIL WITH DECREASE 
iN Mpls TNS CONTENT. 
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DIAGRAM REPRESENTS 
SHRINKAGE OF SOIL WITH 
FOLLOWING CHARACTERISTICS 


LL?=80% 
PL248 % 
SL2730 % 


TOTAL SOIL VOLUME IN C.C. 


VOLUME OF WATER IN C.C, 
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SOIL ATTERBERG 
STATE LIMITS INDEXES 


LIQUID 
LIQUID LIMIT, LL 
PLASTIC | PLASTIC INDEX 
PI=LL-PL 
PLASTIC LIMIT, PL 
SEMISOLID SHRINKAGE. INDEX 
: Siz PL-SL 
SHRINKAGE LIMIT, SL 
SOLID 


SES STRAITS 


ONE POINT LIQUID LIMIT FORMULA 
mn “7 f_ , lal 
LL = Wn (se ) 
WHERE: , ATTERBERG'S SOIL 
pit ern rk | CONSISTENCY CLASSIFICATION 


WN2 MOISTURE CONTENT AT "n" BLOWS 


Ns THE NUMBER OF BLOWS ON THE | 
LIQUID LimiT CUP : SYSTEM 
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GENERAL MEMO 


On March 29, 1972 a meeting was held between E, C. Hall and 

L. D. Suits from the Soils Laboratory, R. Cheney and R. Houghton 
from the Foundation Design Section, and R. Gemme from the Highway 
Design Section in an attempt to develop some guidelines to be 
used by the laboratory in presenting the results of the triaxial 
and consolidation tests in a uniform matter. | 


The results of the discussion are listed below: 


Triaxial Test Presentation 


CU Tests 

a) Tests will still be run to 20% strain. 

b) When drawing the Mohr Circles from the 
stress-strain curves, a value of stress 
will be chosen generally at 7% strain, 
unless there is a higher peak value at 
a lower strain. 

¢) The entire test, except for the Mohr _ 
Envelope and the values of "'C" and "¢"', 
will be drawn in ink. 

d) Tests which show questionable results 
will be presented in pencil. 

CD Tests 

a) Tests will be run to 20% strain. 

b) The Mohr Circles will be RSM the 
peak stress value, no matter what the 
value of strain is. 

c) The Mohr Envelope will not be determined 
by the laboratory. 

d) Except for above, the CD Test results will 


be presented as stated under CU Tests. 


Nea 


General Memo 
March 31, 1972 
Page 2 


Consolidation Test Presentation 
Preconsolidation Pressure Determination 


a) Pp will be determined according to the diagram Bai gyn? 
Only one value of Pp will be determined. All drawing 
except construction lines will be in ink, ; 
sas WED roiuiauln rods of curvature vx heyand tacea ted 


ore | 


Void Ratio 





Loe P 


b) Ona recycle test the value of Pp will not be determined 
by the laboratory. 
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General Memo 
March 31, 1972 


Coefficients of Consolidation 


a) Cy 
1) The Engineer will determine at what load 
readings will start to be taken for C, 
CUSVALLY WE LOAD Berew Pa 
2) The readings will be taken no matter what 
degree of consolidation takes place. 
Do Cs 
1) The coefficient of secondary consolidation 
will be determined for all sample with a 
moisture content of 50% or over. 
-~°- Test Termination 


) a) 


A consolidation test will be terminated once three 
points have been obtained which will give a straight 
line on the virgin portion of the e-log P plot, 
providing the machine capacity is not exceeded. 


General Notes 


a) 


b) 


c) 


Atterberg Limits and Hydrometer Tests will be requested 
on all triaxial tests. 


Any notes which will help to explain the test results 
will be placed on the test. 


If an engineer has requested to be present when a test 

is set up, he will be notified when the test is to be set 
up. However the technicians will not chase the engineer 
down or wait an unreasonable length of time for him to 
come to the laboratory, unless circumstances warrant, 
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General Memo 
March 31, 1972 
Page 4 


d) | When the design engineer is through with the test 
information and tube logs, he should return them 
to the laboratory to be filed. 


e) After these few guidelines have been accepted, 
any alteration should be discussed with the 
laboratory supervisor. 


£) Upon the installation of the TACT Consolidation 
System some of the consolidation guidelines may 
be altered. 


Any suggestions on how to improve or add to these guidelines 
will be appreciated. 


These methods will be instituted on tests that are performed 
starting April 3, 1972. 


LDS:SAS 


~ sa 
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II Detailed Project Testing: 
| Petatted Project esting 


A. General Test Request 


1. Designer prepares laboratory testing request. 
After review by supervisor, request is submitted 
to laboratory. Request should include P.I.N. 
Undisturbed sample logs are returned to laboratory. 
Designer keeps test folder. 


B. Consolidation Testing 
1. Loading Increment Times 
In order to increase the rate of production the 
following loading time increments will be used 


when practical in the laboratory. 


(a) Three hour increments - silty clays and clays 
of medium plasticity and most organic soils. 


(b) Twenty-four hour increments - gelatinous 
organic soils and very plastic clays. 


(c) The following sysmbols will be used on the 
e log p curve to denote time of loading - 


A three hour increment 
@ overnight increment 


[-} weekend increment or period greater 
than 24 hours. 


2. Coefficient of Consolidation (Cy) 


Cy values will be computed for all loads starting 
at one load below overburden pressure. 


oy ie fas 


3. Maximum Loading | 


Tests will be carried to sufficient loads to 
plot three points in a straight line above the 
maximum past pre-consolidation load. 


4. Unloading and Reloading Cycles 


(a) When used - 
Cycles may be requested on projects where 
additional information is required for very 
accurate settlement predictions. 


(b) Procedure - . | 
' An unloading cycle will start at one load 
beyond the maximum past pre-compression load 
and return to one load less than overburden 
pressure in normal decrements and increments. 


5. Designers Responsibility 
(a) List loading time increments. 
(b) Specify if recycle is desired. 
D. Strength Test Requests 
1. , Test Pressures 


“List consolidating or confining pressures in 
P.S.1. for each test. . 


2. If other than standard, specify strain rate. 


E. Routine classification tests such as Limits, Hydrometer 
and Specific Gravity are performed on testing material. 


TII Comments to Designers 


A. Designers are encouraged to personally review jar 
samples in determining the boundaries of soil layers. 
Long tables are available in the basement for laying 
out samples for entire drill holes. Remember hours 
of stability and settlement analysis are worthless if 
incorrect assumptions are made concerning the engineer- 
ing properties of each layer and the boundaries of 
each layer in vertical and horizontal dimensions. 


E. 
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Note that the laboratory has many projects to schedule 
and coordinate. Changes in procedures or special 
directions and comments on testing should be made 
through Everett Hall. 


After project is complete, designer will return 
laboratory folder to laboratory and necessary data 
will be filed. 


Subsurface Explorations Logs - Laboratory logs will 
not be sent to the Regions unless requested in an 
official manner. 


Desginer should not alter test results on test forms. 


fae Py, Sioa, 


Lyndon H. Moore 
Assistant Director 


LHM/bs_ 
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THE USE OF X-RAYS IN SOIL TESTING 


By: Everett C. Hall 
Engineering Laboratory Bepercione 
and 
David Suits 
Assistant Soils Engineer 
. Soil Mechanics Bureau 
NYS Department of Transportation 
Albany, New York 


Introduction 


Several months ago the Soil Mechanics Bureau of the N.Y.S.D.0.T. beran 
taking x-rays of all Shelby tube samples, to obtain further inforzation from 
the undisturbed soil samples. It was immediately seen that the x-ray was 
going to be a useful tool. 


Learning to hterpret the x-ray was done by extruding an entire tube 
sample, slicing it vertically and comparing it with the x-ray. The denser 
the material, the lighter it will show up on the x-ray. Stones are indicated 
by irregular very light, almost white, areas. Voids and organic material are 
the other extreme, appearing very dark or almost black. Silts and cleys have 
been found to appear in varying shades of cray. Sand results in a salt end 
pepper eppearance. The sand grains appear very light while the voids show 


up very dark. 
Equipment 

The equipment used is a Danish made Andrex wnit belonging to the 
N.Y.S.D.0.T. Materials Bureau used for x-raying welds. It has ea peak 
output of 300 k.v. and 6 milliampes. Through trial and error it was found 
that @nerally an output of 150 k.v. peak, 5 milliamps, and a 4 minute 
exposure provices the best contrast. At times it may be necessary to change 


‘these settings if the material to be x-rayed contains large anounts of organic 
material or marl. The tube to be x-rayed is placed 30 incheae from the source. 


The film used is Kodak Industrial Type AA, 44 inches wide and 17 inches 
long. The per sheet cost of the film is between 45-50¢. The distance frou 
the source to the Shelby tube allows all but about an 1 ineh of material to 
be x-rayed, if the tube conteins the maximum 13 inches of material. 


Usee 


fo woat use can an x-ray of an widisturbed soil sample be put? There 
are two general sreas which are served by the x-rays. They are the 
establishment of a monitoring system of drilling procedures, and a visual 
aide to the design engineer in determining the existing soil profile and 
selecting strata for testing. 


S- MN 


Thus far the monitoring system of drilling procedures has probably 
deen the largest benefit. This can best be shown by the following case 
history. 


On one large project with over 150 undisturbed soil saznples, the first 
twenty samples were forwarded to the Soil Mechanics Bureau and x-rayed 
immediately. The x-rays showed arched layers of material throughout the 
samples, see Fig. 1. This type of disturbance indicates overpressing of 
the sampler into the soil. After looking over the x-rays, the drill 
supervisors were able to return to the driller and correct his procedures 
before the first hole was completed. This saved time and money in that 
only the top half of the first hole had to be redrilled. The quality of 
drilling on the remainder of the project was improved. 


my 


The monitoring of drilling procedures includes visits to the drilling 
si by the drill supervisor. Using a portable fluorescent lamp (Fig. 3), 
the x~ can be shown to the drillers on site. In the case of contract 
drilling, x-rays will assist in the acceptance or rejection for payment of 
undisturbed soil samples. 


When profiling the undisturbed sample tube the appearance cf arched 
layere has always raised the question as to whether the arching was caused 
by improper drilling or the Jacking procedure used for Ao hate sanples in 
the lab. The x-ray shows that it occurs in drilling. 


The appearance of several inches of wash material at the top of the tube 
in the x-ray indicates improper cleanout procedures are being followed 
during drilling (Figure 2). The presence of wash material has always been 
detectable upon opening the tube, but with the x-ray the ability to 
determine the amount ahead of time is the prime benefit. 


Design 


In design, the x-ray allows more selective testing to be done. Prior 
to using the x-ray technique the entire profile of the tube was not really 
known as only the top two to three inches was extruded for the purpose of 
visual identification. Now the presence of layering, a change in the 
material, old shear planes, stcnes, wood, etc. can be seen. See 
Figs. 4 and 5. Im one instance a PCV valve was found (Fig. 6), while in 
another a small screw from the drilling equipment showed up on the x-ray. 


Again a case history will better explain the use in design. 


An undisturbed drill hole had been progressed in an area where there 
had been a shear failure. Wren the tubes from this hole were x-rayed, a 
shear piane was clearly visible. It was decided to determine the strenzth 
of the soil along the shear plane, As the x-ray is full scale, a reasure- 
ment was made on the x-ray to determine the exact location of the plane in 
the tube. That amoimt of material wes extruded, trimmed and tested. 


Nee 


‘ 
Sd 


Meny times a layer of material which would have been vital in design 
hae been missed because of not teing found in the initial profiling of the 
@Wube sample. Therefore the initial testing may not have been on 
representative material. It is estimated that 10-20% of testing in the 
past has failen into this category. Wow the desired layer or combination 


of layers may be selected prior to opening the tube. 


The presence of a enall stone or object concealed in the sample, 
making trimming of the sample difficult or impossible, can be determined 
before trimming and can be avoiced. Prior to the use of the x-ray, 
considerable time was wasted trying to trim samples with concealed pebbles. 


Summary 


The use of the x-ray has greatly increased the ebility to monitor the 
procedures which are being used to obtain undisturbed soil samples. This 
eliows correction of improper sampling procedures nuch sconer than 
previously, thus saving time end money in not having to redrill entire 
subsurface explorations. In the design process we now have the ability 
to be much more selective in testing, to have an overall picture of the 
soil profile, and to save time by not teeting material that is not 
representative of the soil deposit. 





Fig... 2 
Wash Material 


Pig od 
Arched Layering 
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Fig. 4 
Undisturbed layered 


sample. 


Fig. 3 
Fluorescent lamp used 
for on site viewing 








Fig. 6 
PCV valve located 
at top of sample. 


" 


Figs 
Stones located 
throughout sample. 
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SHEARING STRENGTHS OF KAOLINITE, ILLITE, 
AND MONTMORILLONITE® 


Closure by Roy E. Olson,* F. ASCE 


Chowdhury notes that the definition of 6, in Appendix II of the paper is 
inconsistent with the use of the same term in the text. The definition of Appendix 
I] is in error. The writer uses bp to denote the effective angle of internal 
friction at failure in an R test and #, to denote the effective residual angle 
of internal friction. os 
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FIG. 12.—Influence of Plasticity Index on Effective Angle of Internal Friction as 
Determined Using 80th BDrained and Undrained Tests 


Chowdhury references a curve of & versus plasticity index presented by 
Terzaghi and Peck (34, p. i112). suggests the curve applies to natural soils, 
and then attempts to compare values of @ from the writer's paper with values 
derived from Terzaghi and Peck’s curve, but without presenting a figure nor 
numerical values. It should be noted that: (1) Terzaghi and Peck’s curve was 
intended to apply to both remolded and undisturbed soils; (2) Terzaghi and 
Peck neglect to present any data in their plot so the reader cannot determine 
the number of observations nor the amount of scatter; and (3) Terzaghi and 
Peck restrict the relationship to “clays of moderate to low sensitivity under 
drained conditions.”* In 1966 the writer tried to correlate @ with plasticity index 
using all the data that could be found in the literature at that time. The resulting 
correlation is shown in Fig. 12. Considering the scatter in the data it is difficult 
to understand he any definitive conclusions can be drawn from such a 





*November, 1974. hy Roy E. Olson (Proc. Paper 10947). 
3Piof. of Civ. Enger., Dept. of Civ. Engrg. Univ. of Texas, Austin, Tex. 
{ 
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SECTION 4 


FIELD TESTS AND MEASUREMENTS 


PAGES 
4-1] SAMPLER DRIVING RESISTANCE VS. COMPACTNESS 
FOR COHESIONLESS SANDS AND SILTS 
4-2 SAMPLER DRIVING RESISTANCE VS. SHEAR STRENGTH 
FOR COHESIVE SOILS 
4-3 SOIL PERMEABILITY DETERMINED FROM FIELD BORING 
4-4 To 4-8 FIELD VANE SHEAR TEST PROCEDURE AND FORCE TO 
SHEAR STRENGTH CONVERSION TABLES 
4-9 & 4-10 FIELD VANE & Rop DETAILS 
4-11 to 4-15 SLOPE INDICATOR INSTALLATION PROCEDURE 
4-16 & 4-1/7 SLOPE INDICATOR RECORD KEEPING PROCEDURE 
4-18 To 4-20 SLOPE INDICATOR SENSITIVITY AND TOLERANCE 
4-21 TYPICAL GROUNDWATER OBSERVATION WELL 
INSTALLATION PROCEDURE 
4-22 THE INFLUENCE OF EFFECTIVE OVERBURDEN PRESSURE 


ON RELATIVE DENSITY OF COHESIONLESS SOIL 
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AS SUMP TIONS 


SOw AT tn TARE, infirm TE Cte drt AND UIHEC TIONAL ISOTHOPY (kh, ANU hy CONSTANT) = NO DISTURBANCE, SEGREGATION, SWELLING OR CONSOLIDATION OF 


SOL - Mu LE ULIMENTATIO’ OR LLARKAGE — NO AIM Ul GAS IN SOIL, WELL Pol, OR riPE - HYDHAULIC LOSSES IN PIPES, WELL POINT OR FILTER NECLIGIBLE 


Fig, 18, Formulas for determination of permeability 


Rer:' Time LaG ano Sott PERMEABILITY IN GROUND-WaATER OBSERVATIONS 
eUluenaN No. 36, Corps oF Enaineers WATERWAYS EXPERIMENT 
TATION. 


10. 


11. 


12. 
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FIELD VANE SHEAR TEST PROCEDURE 


Drive casing to depth desired and positively clamp casing to rig to prevent 
settlement and rotation prior to vane testing. 


Clean out casing by jet augering to bottom of casing. 

Attach vane, vane rods and rod bearing guides to drill rods and lower bottom of 
assembly to within one to three feet above bottom of casing. Positively hold 
drill rods and assembly at this depth with pipe clamp. Rod bearing guides 
shall be attached at every ._ 30 feet of depth, 


All connections shall be wrench tight. 


Lower casing adapter and Acker vane torque head equipment over top of rods to 
rest on pipe clamp. 


Attach and hold drill rods with hoisting plug. 


Remove pipe clamp and attach casing adapter (wrench tight) to casing and vane 


equipment to adapter. 


Lower bottom of vane into soil below bottom of casing to proper depth 

(12 inches plus length of vane i.e. 18 inches below bottom of casing for 6 inch 

long vane). Place alignment line on rods and reference point on Acker head 

prior to lowering assembly to insure vane enters soil with no rotation. 

Note: If resistance when pressing vane to desired elevation is high (greater 
than weight of one man) the vane test should be attempted at a deeper 
depth (maximum 5 feet more) until softer material is encountered. 

If resistance when pressing vane is very irregular it should be noted 
on vane data recording sheet. 


Lock torque arm to rods with set screws and slacken hoisting plug rope. 
(Check alignment between torque arm and pressure gauge and between alignment 
line on rods and reference point on Acker head). 


Start first determination of vane test by turning crank with uniform, continuous 
12 revolutions per minute. (This is equivalent to 6°/min. rotation of the vane 
on the Acker assembly or 1.67% strain/min.) or at a rate ordered by the engineer. 


Record time, crank turns and force gauge readings until the peak force is reached 
(usually 5 to 10 minutes but not less than 2.5 minutes for this determination). 
Run one test in every third test with depth well beyond the peak force 

(usually 15 to 20 minutes). 


While holding rods with hoisting plug, loosen screws on torque arm and lower vane 
an additional foot into the soil and repeat steps 8, 9 and 10 for second 
determination of vane test. 


Run one rod drag test at every third test with depth or when ordered by the 

engineer by repeating steps 1 through 10 without the vane on the end of the vane 

rods. 

Note: The bottom of the vane rod should be lowered to the same depth as it 
existed for the second vane determination test. 
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Obtain a sample of the soil within the depth of the vane test (the depth of 
the two vane determinations) by attaching a spoon extension to the 18 inch 
spoon and sampling to the bottom elevation of the second vane determination. 
Split the samples into two parts A and B. Part A would represent the first 
vane determination and Part B the second vane determination. 

General 

1. Keep hole filled with water at all times for soft soils. 

2. If there is run-in at bottom of hole, leave last 2 to 4 in. plug in bottom of 
casing. 

3. Stop vane tests before exceeding capacity of force gage. 

4. Check alignment of vane rod and drill rod connection periodically by rotating 


assembly on flat surface. 
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NOTES. CONVERSION FACTORS (\4) VARN PRoPORTIONATELY 
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__ MATERIAL SPECIFICATIONS, 

VANIES- TYRE 701 STAIMLESS STEEL 
SHEET, 17GA 

HUB ~ TYPE Fle STAINLESS STEEL 
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_53/2 DPILL 1.40 DEEP 
W/B-\1 UNC-ZB 1.00 DEEP 
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NOTES 


1. FILLET WELDS SHALL BE MACHINE GROUND j 
WA UNIFORM CONCAVE RADIUS OF , sme “BY 
MEANS OF AN APPRUPRIATE WHEEL. 
FINISHED WELDS ARE TO BE FREE OF ALL 
DEFECTS. 


2 FINAL FINISHED UNITS SHALL DESZRIBE Z 
LONZENTRIC CYLINDRICAL SUREACE OF 
REVOLUTION WITH A DIAMETRAL PeLE2ANCE 
OF 05" TOTAL WHEN ROTATED iN THE Axis 
OF THE HUB THREAD CONNECTION. 
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_ SLOPE INDICATOR INSTALLATION 
Setup 
If water is a problem, recirculating should be considered, because a tank is 
needed to mix grout in any case. Recirculating also eliminates the need of 
shutting down a traffic lane with a truck and water tank. The rig should be 
fitted with a 10 ft. "NW" rod in the spindel. The rig cable should be 
reaved over the crown sheave in a hoisting position. It will be useful 
during the installation. 
Equipment Needed 

The following is a minimum list of tools and equipment needed to install a 
Slope Indicator. Any attempt to "do without" or substitute needed tools or 
equipment is not economtcal and is time consuming. Drill trucks have ample 
space to haul all equipment necessary to complete any installation. 
NOTE: * indicates a sufficient quantity to complete the boring. 

1. * “HW" casing 

2. * "HW" Drive shoe 

3. 2 "HW" Drive heads (complete) 

4, * "NW" and "AW" Drill rod 

5. 2-5 ft. sections of "NW" drill rod 

6. 2-2 ft. sections of "NW" drill rod 

7. 1 each "NW" open and closed rod ring 

8. 1 each "NW" open and closed rod lifter 


0. ei plain type water swivel 


10. 1 - 3-3/4" ROCK ROLLER BIT if 3-1/2" indicator casing is used and 
1 5-5/8 roller bit 


11. 1 - 3-1/2" Chopping bit 

12. 1- 5' "NX" Double tube core barrel and bit 
13. * Bentonite (QUICK GEL) 

14. * Cement 

15. 2 = 5' lengths of 6" pipe 

16. 1 - 6" drive head with coupling attached 


17. 1 - 3-1/2" split barrel sampler with trap 





18. 
19. 


20s 


21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 


31. 


32. 


ic Wi pe 


34. 
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1 drive head for "NW" rods 
* Slope Indicator Casing (3-1/2 or 2-7/8) with couplings for each 
Check Valve Assembly 
res Slope Indicator cap with 1" hole 
B. 2-1" close nipple 
C. 1 - 8" length of 1" pipe (with 12 - 3/8" holes) 
D. 1-1" pipe cap 
Fel heath ys pipe coupling 
-.. F. :1.+ 1" check valve 
1 - 6" protective cap (furnished by Bureau) 
* 1" rigid plastic pipe in 10 ft. lengths with coupling for each 
2 - female 1" slip fit & 1" pipe adaptors | 
2- =a on to 1" male pipe adaptor 
1 - can glue (PVC) 
1- hg drill 
1 = alignment tool for slope iAateatos pipe used 
20' of 1/4" manila rope 
1 - 5 gal. pail 
1 - 1 gal. pail 
pop rivet gun and rivets (furnished by Bureau) 
2 - 3" round bristle brushes (furnished by Bureau) 
1 - Master #17 lock (furnished by Bureau) 


Centrifugal pump (2" size) 


pa 


Procedure 


After the rig is set up and all equipment needed is at the site, the hole 

is started. Six inch casing is driven at least five ft., but no more than ten 
ft., except in special cases or when directed by the engineer. The six inch 
casing is cleaned to the bottom using the 5-5/8" roller bit. 

Samples should be taken if requested by the engineer. If no samples are 
requested the hole can be advanced in a standard method without sampling. 


Using the "HW" casing the hole should be advanced to ledge or in some cases 
till. : ; 


If ledge is encountered, an "NX" core should be run no less than five ft. 
This core is used to verify that the bottom of the Indicator will be anchored 
at this elevation when grouted. If 3-1/2" indicator casing is to be used a 
3-3/4" roller bit must be used to ream out the hole so it will accept the 
casing and allow room for the grout to get by. 


If till is used to anchor the casing, no core is taken but a driven sample 
should be tried using a 3-1/2" sampler. This will be used to verify the till 
layer. Then the hole is drilled no less than five ft. with the 3-3/4" roller 
bit and washed clean. 


The "HW" is seated on ledge or till and a five ft. hole is open ahead of it. 
At this point the hole shoudd be ready for the Slope Indicator casing to be 
installed. . 


-The check valve assembly is fitted to. a ten ft. length of indicator casing using 


at least two pop rivets. Tape is wrapped around the casing where it meets the 
cap and also over the holes in the rivets to stop grout from entering the 
casing. The casing is then lowered into the hole. The next I0 ft. length is 
fitted with a coupling and four pop rivets inserted. A 1/4" line is attached 
to the alignment tool and the line is threaded thru this 10 ft. length from 
the coupling end. The alignment tool is entered into the grooves of the S.I. 
pipe and left to protrude half of its length. This protruding half is 

entered into the grooves of the lower piece of pipe and the lower pipe is 
stabbed into the coupling. Pop rivets are inserted and this joint is taped. 
The alignment tocol can be pulled thru the upper length of casing after it has 
been entered into the hole. The pop rivets must be placed between the grooves 
in the S.I. casing. All joints are taped to stop entry of grout. 


As the casing enters the water filled hole it will become buoyant. In order to 
counteract this buoyancy, water is poured into the slope indicator casing. As it 
sinks a piece of 1/4" line is used to hold it or a chain vice if one is 
available. When the bottom of the hole is encountered a measurement should be 
taken to be sure it is at the desired elevation. The Slope Indicator casing is 
eut off at least one foot above the six inch pipe and two of the slots must be 
oriented perpendicular to the slide. In any case it must be cut off well above 
the "HW" casing so that the grout will not run into the §.I. casing when 
grouting starts. At this point the S.I. pipe must be tied down to the six inch 
pipe because the grout will float it out. 
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The next step is to install the grout pipe. A ten foot length of one inch 
rigid plastic pipe is fitted (with glue) to a slip-fit to pipe thread adaptor. 
Each successive ten foot length is fitted with a coupling and glued to the 
next. When the bottom of the S.I. casing is reached the adaptor is screwed 
onto the protruding one inch nipple. The top of the grout pipe is cut off at 
a convenient working height (about five ft. from the ground surface) and this 
end is also fitted with a slip-fit to one inch pipe thread adaptor. A snap on 
to one inch male fitting is screwed into the adaptor and it is ready to grout. 


If sludge of any kind was left in the bottom of the hole from the drilling 
procedures water can be injected at this point to wash the S.I. casing down 
to the desired elevation. 


The grout is then mixed using mix and volume charts available. The grout is 
mixed and delivered with a two inch centrifugal pump. The most efficient way 
to mix the grout is to mix the cement and water first and then add the 
quantity of Bentonite. -After the proper amount of grout is mixed it can be 
pumped down the grout pipe. As the grout fills the hole the water will be 
expelled. When the grout flows from the "HW" casing, the grout is shut off 
but left to circulate in the tank. 


A quantity of clear water is pumped down the grout pipe. This quantity should be 
one gallon for every twenty ft. of grout pipe. This will expell most of the 
grout from the grout pipe so that it will not fall back into the S.I. pipe when 
the grout pipe is removed. If no water surges back up the one inch grout pipe 
this is a good indication the check valve is holding. The grout pipe is then 
removed cutting each ten foot length with a hacksaw about four tenths below 

each coupling so the pipe can be reused again. 


In order to insure that all the grout is out of the S.I. casing, a hose shouid be 
fitted with two three inch brushes for 3-1/2" installations and one 3" brush 

for 2-7/8" installations. This is done by taping the brushes to a hose that has 
no coupling on one end and entering it to the bottom of the S.I. casing. Water 
is pumped down and the hole is surged by hand until the water returns clear. 


After all the grout pipe is out, and the S.I. casing has been washed out clean, 
a string of "AW" drill rod is lowered to the bottom. This will hold the S.I. 
casing from floating while the "HW" casing is being pulled. A plastic bag 
should be taped around the top of the S.I. casing to insure that no grout falls. 
into it. The alignment of the grooves should be checked again to be sure it 

did not move. 


The next step is to bump back the “HW'' casing, refilling with grout from the 
surface after each five foot section is pulled. As soon as possible the "HW" 
casing should be pulled with the winch. From the time the grout is mixed to 
the point where all the "HW" casing is out of the ground should be one 
continuous operation. If any casing is left in overnight with grout in it, 
the grout will adhere to the S.I. casing and the two casings will be locked 
together. 


After the grout has been let to partially set (about 15 hrs.) the six inch hole 
protector is screwed onto the six inch pipe and the S.I. casing is cut off 
flush with the top of the open protector. A pop rivet is installed in the 
wall of the S.I. casing for a reference point for elevation. 


The last thing to be done is to measure the inside depth of the S.I. casing 
exactly. This measurement is recorded. The protective cap is then closed and 
locked with a master #17 lock supplied by the Bureau. The reason for using 
only this lock supplied by the Bureau is that they are all keyed alike and 
the engineering force can open any installation to read it with one key. 
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Slope Indicator Record Keeping Procedures 
Roadway Foundation Section 
I2/43/ 74 


S.I. records should include the following: 


a). 
b). 
c). 
d)- 
e). 


ps 


Plan + accurate survey (Hor. & Vert.) of top of casing. 

X-sect. + identification of the problem (soil & water profile). 
S.I. ineeaiiation log. 

Plot of depth vs. Reflection at reading date. 

Plot of time vs. deflection at depths of major movement. 


Periodic written evaluation of installation with future instruction 
on maintenance and readings. Minimum one report per year. 


Data should be handled in the following manner unless otherwise instructed: 


aie 


b). 


c). 


VCM/EB 


Record data on form #SM 422 at two ft. intervals starting at the 
nearest footmark above the bottom unless this will place a wheel 
within 6" of a casing joint. The depth should be measured from the 
top of the cable guide and notes should identify if a casing extender 
is used. 

The data should be reviewed and each reading compared to the previov; 
reading. If any number changes by more than 20+ units, compute all 
deflections and plot as above. 


The records shall be bound or attached in a folder, labeled and 
separated, and the folder stored in the conservafile in a separate, 
labeled bin. After the S.I. is no longer needed, the folder shall 
be entered and stored in the MO comps files. 


Location P.I.N. D.H: $ 
Date Start Date End 
Station Elevation 


Core Recovery 2/5.0' Depth of Hole into Till 


Depth Below Ground Stick Up Above Ground 
6" Colles Pédpa 
and Cap 
HW Casing to 
Till or Ledge 
S.1I. Casing 
plus Tip 
Inside of S.I. 
Grout 
Quantity Mixed Gals. % Mix Used 
Water Gals. Cement Gals. Bentonite Gals. 
Elevation of Grout Loss #1 Regrout Date 
Elevation of Grout Loss #2 Regrout Date 
Elevation of Grout Loss #3 Regrout Date 


Comments on Hole Progression (Boulder Condition, Water Loss, Artesian Flow, etc.): 
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DIRECTION OF TILT 
OF TOP OF SENSOR 
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3'SEAL OF BETONITE 
MIXTURE (SEE NOTE 2) 


ti" ota. 





15'SEAL OF BETONITE 
SEE NOTE 2 


SWEDGE CONNECTION 


SEE DETAIL ‘A —. 





CAP 
FEMALE ADAPTER 


| PVC PIPE-SCHEDULE 2I 






RUBBER STOPPER PLUG 


BOTTOM OF _ ) 


TYPICAL SECTIONS 
INSTALLATION PROCEDURES FOR GROUND WATER 


OBSERVATION WELLS 


eae 


SEE NOTE | 
0.6.$ 


CASING TO BE PULLED DURING 
PLACEMENT OF BACKFILL AND SEAL 


Q-2 
~ SANO BACKFILL TO SURFACE SEAL 


NOTES: 

OUTSIDE THE ROADWAY THE CAP SHALL BE IFT. 

_ ABOVE ORIGINAL GROUND. WHEN IN THE TRAVELED 
WAY THE CAP SHOULD BE EVEN WITH THE SURFACE. 


‘2.THE PROCEDURE FOR MIXING AND PLACING THE 
SLURRY BETONITE SEAL WILL BE FORWARDED. 





SWEDGE CONNECTION. 
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it Bit ca, “STATE OF NEW YORK | 
Me DEPARTMENT OF TRANSPORTATION 3 


DIVISION OF DESIGN AND CONSTRUCTION 
Foo, REN. 2006.07.10! ; 
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5-4 to 5-8 


Bele 


Dake 


MANUALS 


SEM 7 


SECTION 5 


DISTRIBUTION OF STRESSES AND PRESSURES 


PRESSURE COEFFICIENT UNDER A LONG RECTANGULAR STRIP 
RECTANGULAR LOAD DISTRIBUTION (BoussINEs@ CASE) 

PRESSURE COEFFICIENT BELOW CoRNER OF RECTANGULAR AREA 
RECTANGULAR LOAD DISTRIBUTION (WESTERGAARD CASE) 
PRESSURE COEFFICIENT BELOW CoRNER OF RECTANGULAR ARFA 
RECTANGULAR LOAD DISTRIBUTION (BoussINESQ@ CASE) 

PRESSURE COEFFICIENT BELOW CoRNER OF RECTANGULAR AREA. 
RECTANGULAR LOAD DISTRIBUTION (BERMISTER CASE) 

PRESSURE COEFFICIENT BELOW CORNER OF RECTANGULAR AREA 
TRIANGULAR LOAD DISTRIBUTION (BouSSINESQ CASE) 

PRESSURE COEFFICIENT UNDER END oF LONG RECTANGULA: STRIP 
RECTANGULAR LOAD DISTRIBUTION (BoussINEsa CASE) 

PRESSURE COEFFICIENT UNDER SLOPE OR A LONG TERRACE OR CuT 
RECTANGULAR LOAD DISTRIBUTION (BoussINESa CASE) 

MAXIMUM SHEARING STRESS BENEATH EMBANKMENT LOAD 
RECTANGULAR LOAD DISTRIBUTION (BoussINESa CASE) 


/75 DISTRIBUTION OF VERTICAL PRESSURE UNDER EMBANKMENTS 
TRAPEZOIDAL LOAD DISTRIBUTION (BoussINEsa@ CASE) 


Nea 


PRESSURE COEFFICIENT “k" 





PRESSURE DISTRIBUTION CHART 


CASE OF LONG STRIP—UNIFORM LOADING | 
VERTICAL PRESSURES UNDER TRANSVERSE SECTION 


b= Distance from ¢ to midpoint of slope. 
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Note: From article in journal of BOSTON 
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i 





> PRESSURE UNDER CENTER LINE = 
PRESSURE UNDER EDGE OF RECTANGULAR FILL * --—- 
PRESSURE “p' AT ANY POINT® Kueh 


WHERE h= FILL HEIGHT 
"gg 8 UNIT WEIGHT OF FILL MATERIAL 


was 
’ 
' 


‘ 
| 


‘PRESSURE COEFFICIENTS. 
BENEATH THE END OF A FILL 


SN 1330 











sre 3 
m4 


‘ 
re a el as te » We 

















+ “@ * as he 
7 7 
Slat a ee tale te. Mey 
Pas. 3 P s ~ 
Oe ane og Pe qerp 5 
7% ** * req , 
ote a! & 
2 Ate cap a ye Ae 
* 
ee a 
i~ on 
J 4 J 
é 7 i 
‘ Prod ‘ +* 
i a =e ¢ % hae , 
a ” « 
alll  - 
» , -* 
¢ 
Pe ret eof 7 
e “ ” # é 
a 
™ Fe btm ~ ¥ 
of 
a . 
eee aa 
Ae ¢ Sa 
- ‘ 
“ + . ] 
Ad 
» 
“—_ Jf ? 
* 
> f 
4 
me + ~ 
> ag 
* 
‘ 
* 
S 
7 
\ 
r 
_— “fe 
> 
7 
. ’ : 
Ps 
~t ~ “ 
+4 
n« 
i 
" 
. 
, a 
~~ Cas 
% 
> 
J F “9 
Jo 4 ~* 
a> +t. 
- ne aw 
A “ A 
’ 4 4 re 
ty Cs she 
rn ¢ . Led te pear 
4 a) PSone 
il eee ee 
Ss ul 
my oP a ’ 
* » i 
% 
Ws 
°S, 


Ly 
2 want of" rg. P 
te qt a4 +o} Sy 


‘7 os te 
eh eee foe aoe ye Say 
[ i] od _ - 

BA ter 
ee ee es 
a ‘¢ , +e, | ey 

.* yy” Dee dle ta Cee +4 : 

: ¥ -¢ » * 
nie as rea Arai Sy 6 re a 
3 ieee Bt 
“ pe ep ieel ean Ap 
7 tl @ a : 


a Beer 


ty 
er 





— —— a ee 





re atten cate ine aBey edt + 
os 


PRESSURE COEFFICIENT "Kk" 


CASE OF LONG STRIP-UNIFORM LOADING 
VERTICAL PRESSURES AT END OF FILL 












MID PONT 

2.0b 1.5b 1,.0b 0.5b SLOPE 0.5b 1.06 1,56 2.06 
1.0 
0.5 
0 0.2b 
0.5 

PEE OSES 8 Se 

Py See RES eR SAN SUS 

HE SES 

Py Ro IS Seas 0.4b 







SSE ATE AN 

















ne — 2S SSS ee a 
hee NN NNN cae —_ 


































0 SS 4.0.8) 

08 ASSESS OSS S 

A Sead AEN BERN UR NERS ERED WON SSS 1.Ob 

ee ee 

| SSS SSS SRS 
Pa et — | 

oes ee oS SSS SS = = 
ee a ee eee 

SSSI oe ETT 





2.0b 5b. ° =40b 0.5b5 . MD POINT 0.5b Ob 5b 2.0b 
ey SLOPE | 


SURFACE 


DEPTH BELOW 


LEGEND: 


VERTICAL 





SECTION A-A 
B= OSTANCE FROM @ TO 
/ (MIO-POINT OF SLOPE 


FOR PRESSURE AT GREATER OEPTHS SEE LARGER 
CHART FOR VERTICAL PRESSURE BENEATH THE 
END OF A FILL DRAWING No. SM 1075 


- 





PRESSURE UNDER CENTER LINE = 
PRESSURE UNDER EDGE OF RECTANGULAR FILL * --—- 
PRESSURE “p' AT ANY POINT® Kegh 
WHERE h= FILL HEIGHT 

"wy ® UNIT WEIGHT OF FILL MATERIAL 


| 
iG 


PRESSURE COEFFICIENTS — 
BENEATH THE END OF A FILL 
SN 1330 










3 
> 
he 
- 
= Ab ntti. GAP 
F 4 a 
a - — hipaa Bed. Samii ~ 
eaten atid pt SMR aa! Sony tt. 
wea 7 We tgp OWNS S 
a ‘ . 
‘ 
ap eS 
¥ a 
Me Ove 
— -S 


~ 


- 
IE Sy ~ 












































2 SRN ¥ 
€ . ? + 
Ie ww , 
- - ' ~ * 
-_ . . f 
: 
en, 
+ i * . « - Naan 
P a ‘er 
- - ~ o é = 
F ‘ > fs 
a re | oe =e & ad ~ 
4 fe < 
gt, ~ ey FAR Soden - wey ” 
; ae a4 
< ~e ‘ a © or 
ad 4 io ’ we 
<< - ware 4 
fe SE eS ee ree jae 
. . pie poh n cons Me 4 
or A 
am -_ ” wu » nye - - 
Pe 5 
ai 
- pins ~ FE Fi wos Sant ¥ 
- 7 
* i iw s 1% ‘ 
oo aby . ay ht 
ro - at? 7 
ne 5 i ‘ m pe 
; y yee ‘ 
4 f 
i Se - t> nf ~- g in tem re 2 x « set 
7 r 7 thé tes ee Lm scsed Rave ~ittwesia? 
- “ eorew « » - im riogk WIA 
aa / 
eos ——— en an ~ sah gtr owe nt 
t Lye 5 * 
: 6 If, mins dled dale 
& >? - rd ty Fa, 
» tm~ -o 2 ep Ye shee, buy ae Se 
‘ ‘ mer . « rte 
“a wy a » ami 
PN PPR: Syms URNA ee Ae Me ne ee ee ee : 
a 4 ddan vi gf ate SES 
> Q 
- . a | 4 Me <s% 
rn ins ct an Vago ee a eed. acd y # Ay 
— . hes 
coed 
. 7 Y 
q" ‘hae 
. ‘ "8 ah . 
< 4 y . 
™ ees ‘ty 
’ 
i * 
“gi ~ 
é i. 
. 
i nen 
wn y jn 
- a ee ee i ~ 
pe on ~ a ax 
‘ie r oo 
ol s e ~ ed eek 7: ee ; aw 
ati ag ~ 4 “ ’ ~ a. ‘ ~ . 4 oat wees billet 


eee ee er) a! 


MY Ae »*. : 7 ame aw 4 
oe tee e eters ENE RE A GRD Dg PDA Gicakilebtedodienaad 

















he ea 


t 


. 
ae eee ee 


SURE COEFFICIENT °K" 


PRES 


CHART | a 
LOADING 
OF A TERRACE OR A CUT 


rN 
05 NS NTN _N 


os {NOX 


SCS 
95 LNONTESS: 


TROON NS 

NT NIN CN 

Loa ee 

SSR NGREATER DEPTHS. SEE LARGE CHART 

See 

——— “ 

PIN NON ESSURE AT ANY POINT = Kwegh | 

A INN 

05 Fes aN L peur 
SSIES IT WEIGHT OF FILL MATERIAL 

| ROA RONSS SURE DECREASE CAUSED 

0 tT" BE COMPUTED IN SAME MANNER 
Bn UR EN PTH OF CUT 
NES aS 


05 SSS WEIGHT OF MATERIAL REMOVED 


SSURE COEFFICIENTS BENEATH THE 
SLOPE OF A TERRACE OR A CUT | 




















penal dint Seo abuteey Mhedt 90. “a Mepis ; 
J eres ; 
tess ee ink ees aes rac a ieee 4 ’ on hal ye 
Bae ae 
hn ny, Be ap er PL mb le oe ‘breorene* ee is eae et are 
‘ Oy A a / * a { : 
oe weint a le Nagi Opn var Aye ai a Tay . Py SE net yo ‘ 
Q 5 y mye: ‘ ‘al ? 
Eee wy Pde a a ‘ “ ear, | cate * 
f ‘ y ¢ 
eRe Ser pe ee > 
pir i 
a a tend te me ls avg 
vie i 
7 es Roy ‘ ‘a ‘ 
we ~ 7 \ Nha sy “ MiSs 





ye «3 arte n2i6h , MR a grin Miata Er cee eS ht 
* od ae a 
ery eae 1 ad Roo eS ae ON es 









rete 
eee 
A Mates 


ie al 

































\w 
r 
eee op the le aes tee rh we ‘ ™ ig sip ibe 
4 : ‘ pit , saad 
enh he ae aes z feb Uhh at ig . 
y " » s 
eer (Cement tna . hw er ae N yd Neale 
: , f ’ 
— ‘ * wir * a 
ue v 
t dyad ye he ‘ ; 
} a 
* oy fe * ix ‘ fe 
be my at ‘ 
ta . 
nn # ‘ “ “i neha : 
= ‘ ; t 
1 " / h , ; G 
f « * 7 + 
a8 Hooda ~ av a in ee. a oh ga 
oe 7 ‘ y 
, A , , 
. ‘ si ale 5 
i = 7] : 
, 
‘eet iJ 
y nal 
x % $4 a 
’ radl 
- “7e eke 
“ R “ > 
Fre | ; WE lag ey +. cond 
Pal : , « A 
yr Stor. . + eee ah Ay say 2. gis SA re ate ip . 
“J ; ; ; , , dl 
SON TED on Nore ae Se GP ripe Bee er See Me de er be iw i 
5 7 fe er en wre i hecy Mdm aM i Ml ll en 
uf 
* A a 
7 : 
le ys x hs 
wer pee, og - 
r 
cs : ae aah 
ne boy * ve iene 
tins ceere agen Wrarl u _ ET 6 sor 
“ 5 ‘ s 
\ . roe rN 4 que 4%. 7 if Nai 7 
Cote | F itt A SU AS 
fe ial ee eer Te \ an 
A inate i ge Shaan Poa . * 
7 « i i oe AWD , An tw wy atv am yeonianilo) ne as 
7 ’ y ft, 
an brualle j whe J ei are y 
Me . m bi ‘ 
‘aia we nn 
Saeed ei stash 
We iv seat 
Maen 
K 
Aw w 
i mo” s Y 
h 
saggy. A 
dell * * - 
to nt ee ay , 
n~ © here "by et Tar 
oe? ‘ 
: A i a0 
ah paw Aer tee * i me " ae ad 
¥ f . +) 
RASH ne a) Se or ey 
¥ : - 
ae 9 ae nee - s nt aon a al 
Lae’ Ai lee ” pe oi on ie a - 
oi Manan eked “te ote eh tem 1 CAR WO a, Lacie] nan 
I . 4 J , | a a 2 
” ie ae yh aM | 7 
aser: ike A, Me ta ee Ge 
= . we 
‘ong ok ae dats 7 alae praate: “ 





tf 

y <a del 
vy eres tens ee 
Hi 








——— ee 


0 K" 


oe 


URE COEFFICIENT 


PRESS 


05 


05 + 


05 


0.5 


05 


O05 


0.5 


0.5 


L5b Ob 0.5b SLOPE 0.5b 1.0b 15b VERTICAL PRESSURES BENEATH THE SLOPE OF A TERRACE OR A CUT 


ONSEN BASSE ORE ne EE | eat 9 Ties | 

STEPS OSES SS OSS NS Bec niuanoa: seas coca oem ea 

MSN SSS. A in toh 

GRACIA NEAR SEE VE Rel oe be roe rar ine Le 

BEA (0S (8 Se aaa ie mee mR 

SGBNS PHA ea Mb be Ri 

2SRaN ESE NBS SSS SS See. “hl CES) Ee 
Sof SS RE HK S “Gi SS SSE (RS St aD 

bE ak SSS SSeS eee rN 












SxSNG Ata tau heen aa eae Ne 
aad ene EE Me AT ee 
SSeS ann SE ee mu ae eee 
Mo = iat aot 
SS hh MGS SA SS Se SN 
SNA ESN ERIN A SENTATION ‘See 
SUBS TRG GEA Cth EA TS 


SS SENS ee a Chee ee 
NISC NUS INTRON NM TON SS Ss ana Ot TR 
BSL Sah aS a ; 

er 





ERNE) CRA ER 

ORCS ORS DTS OST ISAT 
ELTON Se EN 
BAG BSE SR 


SONS So SES 
Ese SSN Sans 
Sait SIRE," EA SES = 
SSS 
SEAS SE NERS NEN NN 
TENGEN TREE NN cINGLR CINCEN 
ROA AS SENS LS 
sea ESTE 


STONES See 
SN ISSO eee ee 
Sanu Ga aa WanGn nen SeNGn SeLSd Sa ASL RA 


NN TN NSN CORNEAS TN ET Cate, ere at 

SaRU BE SSE SS A a A OS Tes 

BSS RES FO SNES eS BE NSE NG BIEN CNS UNS re N, Ea OLN, 
PR TT SURREAL TAT SS 

ees ES EE PERS ARE SRAM 

ENT REN TST SA Se Scie oy 


Sos RESO Pe 
lene eaa ACh SOS SES SS RRR ee 


SSIS = 


RAW AUR, SUNN SSS aT 


Sanne CROSSE ONG SAT eS PL Simatic gee : 
TOTES Bera SRW PGLTe a VE SB Bm Reet 
BIST R ttt tetebel a 


moaned 

SOS weeks SSS 

x ee SS SS —— 

15b 1Ob 0.5b MID POINT '  O5b 1.0b L 
. SLOPE 































PRESSURE DISTRIBUTION CHART SHI 
CASE OF LONG STRIP-UNIFORM LOADING 
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NOTE: VERTICAL PRESSURE "p' AT ANY POINT = Kweh 

WHERE h.=FILL HEIGHT 

we = UNIT WEIGHT OF FILL MATERIAL 

1.256 VERTICAL PRESSURE DECREASE CAUSED 
BYA CUT MAY BE COMPUTED IN SAME MANNER 
WHERE hn =DEPTH OF CUT 


we =UNIT WEIGHT OF MATERIAL REMOVED 
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DOTTED CURVES GIVE SHEARING STRESS 
* ALONG CENTERLINE ONLY. 


MAXIMUM LEAL STRESS f AT ANY DEPTH BENEATH 
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Fic. 10-9 Consolidation as a function of depth and time factor. 
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MEMORANDUM 
December 20, 1976 DEPARTMENT OF TRANSPORTATION 


RECOMMENDED PROCEDURES FOR INCLUSION OF LATERAL DRAINAGE 
INTO ANALYSIS OF TIME RATE OF CONSOLIDATION UNDER CENTERLINE 
OF LONG EMBANKMENT 


Raw Li: “i Kapeced 2 torment 

V. C. McGuffey gam 

As requested by you, I have conducted a literature search on the latest 
and apparently most practical methods of including lateral drainage 
into our time rate of settlement analyses. The need for this search is 
based on the fact that our previous method as shown on page 6-5 of our 
design manual is based on free lateral draining boundaries at the toes 
of the embankment slopes. This assumption in most cases underestimates 
the time of consolidation. It has been found that with the lateral 
boundary fixed at least at 5H from the embankment centerline, no 
noticeable effect on the rate of settlement occurred from the true 
lateral boundary condition of infinity. Of more importance the most 
difficult aspect of predicting rates of consolidation with lateral 


drainage is in the estimation of the C,,/C,, = K,/Ky ratios. 
B H' ’V HV 






LONG STRIP 
EMBANKMENT 


Method - From "Two Dimensional Consolidation of a Layer with Double 
Drainage Under a Strip Load" by S. M. Lacasse, M. F. Soulie, 
and C. C. Ladd (1975) Interim Report, Dept. of Civil Eng., 
Ecole Polytechnique, Montreal. Single drainage curves from 
“Consolidation of a Layer Under a Strip Load" by J. T. Christian 
and J. W. Boehmer (1972) ASCE, JSMFD Vol. 98, SM 7. 


1. Compute the ratio of ee rracint Maatsotronie from the 
following equation. 4 Time 


Tassie = Ty Cy /Cy 
Of aa 
Wenisotropic Top 


C,,/Cy 2-Cy & Cy are average values for entire layer 


(See figures 1 & 2) 
-See Table 1 for methods of determining this ratio 
“Cy is determined from page 6-6 of our design manual 


6-o 


‘eeuw/ 


V. C. McGuffey 
December 20, 1976 


page 2 
T,= time factor from Terzaghi's theory for vertical 
drainage only 
Top = time factor for two way drainage assuming 
isotropic permeability (C,, Cy). Determine 
from Figure 3. 
For one way drainage yse I, from Fibure 4. 
o€ = correction factor for (Cy#Cy). Determine from 
Figures 5 thru 5D, at. 
2. If this ratio is less than 1 then increase it by the ratio 
of the Lacasse to Davis & Poulos solutions shown on Figure 6. 
Example Problem - Double Drainage 
C,/C, = 2, B/H = 0.5 
U Ty Ton of wb /t, 
(Fig. 3) (Fig. 5) (Lacasse) 
10 008 0013 88 7.66 
30 -071 .034 Py ja 7AM pt 
‘ 50 s£97 2130 85 1.82 
70 403 » 330 85 1.47 
65 -684 750 83 1.07 
Example Problem - Single Drainage 
Cyl Cy = 2, B/H=0.5 
"V Tp as Ml Be 
(Fig. 4) | (Fig. 5) (Christian) 
10 008 007 1.60 
30 O71 -035 £97] 2.78 
50 CL 97 .09 35 2.94 
70 -403 yi Ailey 2.05 
85 684 46 85 1.79 
Note: Values in squares are assumed. 
Comments 


1. Values of cX for other percentages of consolidation to my knowledge have 
not yet been published. The reason for this is perhaps the running times 
for these finite element programs are so large. We will add these parameters 
to our design charts as they become available from future publications. 

2. These results will not function well if there are large undrained strains 
such as when the safety factor against a stability failure approaches 1. 
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VERTICAL 





30 40 50 60 70 80 
NATURAL WATER CONTENT Wy , % 


NOTES: (1) VI, V2, etc. refer to separate varves. 
(2) Sample from Northampton, MA., Wy=56.7°% 


(3) Data from Ladd and Wissa (1970) 


WATER CONTENT VARIATION WITHIN A VARVED CLAY 
FROM THE CONNECTICUT VALLEY 
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SHALLOW FOUNDATIONS 597 


: ‘\ined settlement, as described in Chap. 8. For uniform deposits the 


settlement is found for each stratum, using the average properties of the 
soils determined by the laboratory tests. For variable-regular deposits 
the same procedure is used for each zone. For variable-irregular soils 
the settlements are found for both the poorest and the best. soil conditions 
(or poorest and average), since it is the greatest differential settlement. 
between columns which causes the most damage. 

Ordinarily, the foundation settlements are computed only for repre- 
sentative parts of the structure: the center, the edge, and the corners of 
uniformly loaded structures; the largest, smallest, and typical columns of 
regularly loaded struetures; and for each critical unit, such as the 
foundations for heavy machines. If the soil conditions are variable, 
the settlements must be computed for more points than if the soils are 
uniform. 


Tarte 6-10. Limttinc SETTLEMENTS (55-60) 





bade Maximum 
Type of movement. Limiting factor : aiiicinent 
i 
Total settlement... Drainage | 6 to 12 in, 
Access ' 42 to 24 in. 
Probability of nonuniform settlement: 
Masonry walled structure i 1 to 2 in. 
Framed structures etn bint 
Smokestacks, silos, mats 3 to 12 in. 
CULLING. Piet “Stability against overturning Depends on height 
and width 
) ~ ‘Pilting of smokestacks, towers 0 O04 
, Rolling of trucks, ete. 0.011 
‘Stacking of goods O.O1L 
Machine operation-——eotton loom 60 0032. 
Machine operation—-turbogenerator 0. 00021 
Crane rails 00387 
Drainage of floors 0.01 to 0.027 
Differential movement High continuous brick walls 0.0005 to 0 OOLL 
One-story brick mill building, wall 0 001 to 0 0027 
cracking 
_ Plaster cracking (gypsum) 0.0011 


. Reinforeed-concrete building frame 0.0025 to 0.0041 
’ Reinforeed-concrete building curtain  0.003/ 


walls 
‘Stecl frame, continuous 0.0021 
Simple steel frame 0.0057 





Note: L = distance between adjacent columns that settle different amounts, or 
hetween any two points that settle differently. Higher values are for regular settle- 
ments and more tolerant structures. Lower values are for irregular settlements and 
critical structures. 
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Fig. 9. Relationship of Modulus of Elasticity to 
Compressive Strength in Clays 
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Fig. 40. Relationship of Modulus of Elasticity to Compressive Strength 
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MEMORANDUM 
DATE March 10, 1976 DEPARTMENT OF TRANSPORTATION 


_ OVERSTRESS ANALYSIS ON SENSITIVE CLAYS 


FROM R. L. Gemme 


a0 V. C. McGuffey qm 


As we discussed, I have prepared the following guide to running 
overstress stability analysis on sensitive clays. 


Overstress Stability Analysis 
Applicability 


Progress overstress analysis when clay is sensitive and shearing 
stress at any point exceeds shearing strength. 


Procedure - 1. Check for Clay Sensitivity 


~- High moisture content clays with liquid limit 
exceeding moisture content by at least 102%. 
) ! - Unusually sharp break in the shear stress- 

strain curve. 

- Ultimate strength is less than 80 percent of 
peak strength. 

- Larger than normal pore pressure build-up 

- during shear strength test. 


2. Check for Overstress 


- Plot shear stress with depth from chart on page 5-12 
of design manual and compare to shearing strength 
with depth. The zone of overstress at time equals 
zero after embankment construction is where the 
shearing stress exceeds the shearing strength. This 
zone of overstress increases with time due to loss 
of shearing strength (ultimate strength) in the 
overstressed zone. The loss in strength continues 
until the net difference between the shearing stress 
and ultimate shearing strength is equal to zero 
(see Fig. No. 1) i.e. where 


Area + Mdd5tin™ Areas 


oe Sars 


Vv. C. McGuffey 
March 10, 1976 
Page Two 


From experience ultimate shearing strength has been 
found to be in the order of 0.75 times the maximum 
shearing strength for sensitive New York clays. 

The limits of overstress increase with time as 
indicated above from undrained stress distribution. 
However consolidation and strength gain also increase 
with time depending on the rate of embankment 
construction and soil coefficients of consolidation. 
This tends to decrease the zone of overstress with 
time. These two rate processes are opposite in 
effect. To complicate matters comparatively large 
strains occur in the overstressed zone causing 
decrease in permeability which affects consolidation 
and ultimate strength gain. 


Since sensitive soils are usually very slow 
consolidating and it is difficult to determine 
ultimate strength gain effects, strength increase 
due to consolidation should be neglected in the 

: * final analysis. 


3. Pregress overall stability analyses by the Bishop 
method utilizing design shear strength as obtained in 
Figure No. l. 


References, Maximum Shearing Stress Charts = 


BSM Design Book Pg. 5-12 

Plastic Charts, BSM Foundation Design Section Files 

Navdocks pg. 7-5-1 

Burmister Charts, HRB, Proceedings of 35th Annual Meeting, 1956 
The Application of Theories of Elasticity and Plasticity to 
Foundation Problems. Leo Jurgenson, Journal of the Boston Society 
of Civil Engineers, July, 1934. 

Poulos, H.G. & E.H. Davis "Elastic Solutions for Soil and Rock 
Mechanics,” John Wiley & Sons, 1974. 








APPROXIMATE LOCATION OF 
CRITICAL SLIP CIRCLE 
EMBANKMENT 


\ : 


SAND i 








CLAY 
OVERSTRESS ZONE AT TIME EQUALS ZERO 
AFTER INSTANTANEOUS PLACEMENT 
OF EMBANKMENT, FILL 
| FINAL OVERSTRESS ZONE 
| 
ey STRENGTH USED IN DESIGN MAXIMUM SHEARING 
STRENGTH ALON 
(| VLD Vas SLIP CIRCLE 
a 
NY STULTIMATE SHEARING 
STRENGTH ALONG 
X SLIP CIRCLE 
1 SHEARING STRESS 
ALONG SLIP CIRCLE 
Maximum Strength 
Ultimate Strength 
a 
ne 
: 
OVERSTRESS ANALYSIS 
STRAIN 






ON 
SENSITIVE CLAYS 


Ne ww 


7=2a 


Stability Analysis of Layered Systems 
Using the Circular Arc Method 


Introduction: From classroom discussions, it was pointed out that 


the "Circular Arc Method” is a tedious undertaking for a stability 


analysise It was further concluded-that Taylor’s method gavé rapid 
results for slopes of homogeneous soils and for the conditions it 
covered, the analysis itself was quite accurate. Naturally, the 
success or accuracy of any method of analysis depends almost in 
entirety upon an accurate estimation of the friction angle and 
cohesion of the mass. 


However, it is immediately evident that Taylor’s method is in 
most cases entirely inapplicable to slopes composed of fill material. 
This analysis is also no longer of any value except as an approx- 
imate check where the cross section of the slope is composed of © 
distint layers of different materials, each layer having different 
physical properties. . 

For these reasons which make Taylor’s method unsatisfactory in 
most analyses. in New York State, the New York State Bureau of Soil 
Yechanics has adopted a modification of the “Circular Arc Method” 
which overcomes to their satisfaction the deficiencies of Taylor’s 
method. ; 


It is conceded that Taylor’s method is more accurate, but then 
this method is only applicable for highly idealized conditions. This 
is not to infer that the method to be discussed here is not accurate 
since this is not true. The test of any analysis is the stability 
of the slopes in the field. The modified “Circular Arc Method” to 
be described here has passed this test very satisfactorily. . 


The discussion which follows is by no means complete to the 
smallest detail in theory or in practical aspects. However, it is 
intended to give the reader an introduction and working knowledge 
of the method with the hoffe that with use, an intimate understanding 
of it will be” acquired. | 


The Method - Before going into any details, some general statements 
Should be made to further illustrate the value of this method and 
other facts concerning it. 


First of all, this method is purely graphical, as will be seen 
fater. 


Some of the more important basic assumptions are as follows. 
First, failure takes place along a circular arc about center. Each 
layer of the system has a determined average c and (. Each layer 
of the system is consolidated under its own weight. Naturally 


\ these assumptions preclude the assumptions that the cross-section is 


accurately known. 
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Some of the complexities in slope stability analyses that 
can be accounted for using this method are sloping water tables 
variable densities and strengths as mentioned previously, arte- 
sian pressures, degrees of consolidation and irregular ground sur- 
faces. 


In Figs. | and 1A, a complete analysis is illustrated which 
shows the considerations and mechanics of the method. For sim- 
plicity, the fill is on a horizontally layered system. The 
average values of ¥Y , c and $ for each layer have been determined 
and it will be assumed c and $ to be laboratory values free of 
safety factors. The fill as weli as the underlying materials is 
consolidated under its own weight. It is also assumed that a 
center of failure nas been chosen for the critical circle. 


As shown in the figures, layered systems are accounted for by 
choosing a basic material, usually the plastic layer and converting 
all overlying material to equivalent heights of this basic material. 
This could be considered as making non-homogeneous sections 
homogeneous. Considering this, it can be seen that the water table 
makes two layers of one layer of the same type of material. 


Since the sand layer and layer of grey silt and clay are 
saturated and submerged respectively and consolidated under thei 
) own weights, any increase in load due to the addition of the fil 
would be absorbed by the water in the form of neutral pressure. 
This is the case of zero percent consolidation. 


r 
| 


At some time later, the neutral pressure in these underlying 
layers is dissipated completely meaning that a 100% consolidation 
condition exists. 


The resulting safety factors for these two conditions of 
consolidation have been solved for in Figs IA. 


The procedure used in determining the vectors for the normal 
and tangential components along the failure arch is to merely use 
the height of equivalent base material above a point on the arc as 
the weight at this point. The normal force acts on a radial line 
through this point on the failure arc and can be determined graph- 
ically. The tangential force is then the closing force of the 
polygon on the arc at the point being considered. The total normal 
vector is composed of both effective and neutral pressure at 0% 
consolidation or any consolidation less than |00%. This is shown 
Webuetherse oe 


After all these vectors have been determined at numerous points 
along the arc, the curves of normal pressure at oy and 106% 
consolidation are plotted. The curve of tangential or shearing force 
is also plotted. This is shown in Fig. IA. The areas of these 
respective forces times the scale factor (horiz. scale x vertical 
scale x unit weight of base material) represents the magnitude of 


overturning forces . 
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LEVEL OF EFFECTIVE STRESS WITH 
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SF= 0,6 CASE (2) SAFETY FACTOR DEPENDS ON THE 
SF = 0.8 LEVEL OF EFFECTIVE STRESS WITH 
RESPECT TO THE DRAINED FRICTION 
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COMMENT S 


DETERMINES MAGNITUDE 

OF SHEARING STRESSES 
& 

METHOD OF STABILITY 

ANALYSIS (ie INFINITE 

SLOPE OR BISHOP 

ANALYSIS) 


- DEPTH PROGRESSED TO 
BELOW PROPOSED ~ 
TOE DITCH. 

UTILIZE OBSERVATION 
HOLE AS PIEZOMETER 
IF ARTESION LAYER IS 
ENCOUNT ERED 


- SOME SAMPLE DIS- 
TURBANCE HAS LITTLE 
EFFECT ON RESULTS 


- UTILIZE $4 vs. P.I. 
CHART WHERE MUCH 
INFORMATION HAS 
ALREADY BEEN OBTAINED 
IN AREA OR FOR 
PRELIMINARY EVALUATIONS 


DETERMINES IF RATE 
OF STRESS RELEASE 
(LOSS OF STRENGTH) 
WILL BE OFFSET BY 
DRAWDOWN(LESS 
SEEPAGE FORCES) 


ear — 


{yrz 


INFORMATION REQUIRED FOR CUT SLOPE DESIGN AGAINST POTENTIAL DEEP FAILURES es 


(PLASTIC CLAY AND TILLS - LOW PERMEABILITY SOILS) 


DESIGN INFORMATION 


SES SORES SE SPREE GS 


DEPTH AND SLOPE OF CUT 


SOIL BOUNDARIES AND 
WATER CONDITIONS 


DRAINED FRICTION ANGLE 
FROM C.D. TESTS OR 
C.U. TESTS WITH PORE 
PRESSURE 


SOTL 

PERMEABILITY FROM GRADATION 
AND HYDROMETER ANALYSIS 
(BURMISTER'S CURVES IN 
DESIGN MANUAL OR 
CONSOLIDATION TESTS) 








RESULTING FIELD INFORMATION 


CROSS-SECTIONS EXTENDED UPSLOPE 
100-200 FEET BEYOND THE TOP OF 


THE PROPOSED CUTSLOPE 


MINIMUM ;OF 3 BORINGS 

ONE AT TOP, ONE AT BOTTOM 
AND ONE AT CENTERLINE OF 
PROPOSED CUT SLOPE TO BE 


CONVERTED TO WATER OBSERVATION 


HOLES 


SHELBY TUBES IN CLAYS 
DENNISON SAMPLER OR BRASS 
LINERS IN TILLS 


SHELBY TUBES IN CLAYS 
DENNISON SAMPLER OR BRASS 
LINERS IN TILLS 


COMMENTS 


DETERMINES MAGNITUDE 

OF SHEARING STRESSES 
& 

METHOD OF STABILITY 

ANALYSIS (ie INFINITE 

SLOPE OR BISHOP 

ANALYSIS) 


- DEPTH PROGRESSED TO 
BELOW PROPOSED 
TOE DITCH. 
UTILIZE OBSERVATION 
HOLE AS PIEZOMETER 
IF ARTESION LAYER IS 
ENCOUNT ERED 


- SOME SAMPLE DIS- 
TURBANCE HAS LITTLE 
EFFECT ON RESULTS 


- UTILIZE $4 vs. P.I. 
CHART WHERE MUCH 
INFORMATION HAS 
ALREADY BEEN OBTAINED 
IN AREA OR FOR 
PRELIMINARY EVALUATIONS 


DETERMINES IF RATE 
OF STRESS RELEASE 
(LOSS OF STRENGTH) 
WILL BE OFFSET BY 
DRAWDOWN( LESS 
SEEPAGE FORCES) 
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SECTION 3 


SEEPAGE AND DRAINAGE ANALYSIS 


PAGES 
8-1 SUITABLE SOIL DRAINAGE METHODS 

8-2 To 8-5 METHODS OF DETERMINING PERMEABILITY (SEE PAGE 6-14 ALso) 
8-6 DESIGN OF DRAINAGE BLANKET BENEATH HIGHWAY EMBANKMENT 


8-7 To 8-9 PERMEABILITY FROM GRAIN SIZE ANALYSIS 


8-10 RELATLIBNSHIP BETWEEN WAVE HEIGHT ADD STINE REQuIRae 
FOR EROSION FPRSTECTION 


MANUALS 
NCHRP #5 Scour AT BRIDGE WATERWAYS (BEB) 
SDP-2 BANK AND CHANNEL PROTECTIVE LINING PROCEDURES 


CONSTRUCTION GUIDELINES FOR TEMPORARY EROSION CONTROLS 
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COMPACTION OF EMBANKMENTS 


_ Purposes for the compaction of solls In an embankment: 

1) Increases bearing capacity 

2) Increases stabl lity and shearing strength 

3) Increases resistance to frost | 

4) Increases unlformity of embankment or subgrade 

5) Decreases settlement 

6) Decreases permeabl lity 

7) Decreases shrinkage and swell! potentials 
Compaction Control Is the process of evaluating the compaction 
operations of the contractor. The embankment should be observed 
during compaction operations. Any areas where the construction 
equipment depresses or weaves the surface of the embankment are 
suspect. Suffictent In-place density tests should be performed In 
each IIift to Insure satisfactory compaction. Special consideratior 


should be accorded to areas adjacent to structures. 


The steps for fleld compaction evaluation are: 

1) Ineplace density In pounds per cubic feet (wet) should be 
determined by the sand cone method shown on page 4-6. 

2) In-place density should be reduced to a -3/4 Inch basis 
by means of the formula, on page 9-1! or by Nomographs 
SM 1598 A-E,. 

3) 43/4 Inch In-place wet density should then be reduced to 
dry density by dividing It by I+M.C. 

4) A one-point Proctor compaction test should then be performed 
on the -3/4” material excavated during the In-place density 


test. The derived dry density and molsture contents should 


4 


) 


9- § 


then be plotted on the appropriate statewide compaction 
contro! family, pages 9-4a or 9=-4b. The maximum Proctor 
density and optimum moisture contents are iiterpolatad 
from this plot. 

5) The compaction operation is evaluated by comparing, on a 
percent basis, the in-place density with the maximum proctor 


density. 
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WALLS AND SHEETING 


DETERMINATION OF ACTIVE AND PASSIVE EARTH 
PRESSURE COEFFICIENTS 

LATERAL PRESSURES ON BRACED TRENCH EXCAVATION 
BASE STABILITY OF BRACED TRENCH EXCAVATION 
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SEQUENCE OF CONSTRUCTION OF RETAINING WALL 
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basements in order to assess the hin- 
drance or help that they may provide. 

b. Subsurface Investigation — Bor- 
ings, water level determinations, sam- 
pling, and soil testing are required in 
| order to determine the parameters from 

which earth pressures are calculated. 


c. Earth Pressure — The total force — 


per unit of length of excavation can be 
calculated for a given excavation depth 
by means of the Rankine theory of active 
earth pressure. Actually, it is believed 
that the outward movement of the sides 

* of the excavations are generally sufficient 
to create an active state of stress. The 
Rankine theory gives a horizontal force. 
However, if the supports are inclined and 
do not yield vertically, Fig. 1(a), the total 
force is slightly modified on account of 
the wall friction. This force may be 
calculated by the Caquot-Kerisel theory 
(Caquot et al, 1948). 





Pye P; 4 
3 
zPj= Pz Pa 


Stiff Clay 
P>P, (P, <0) 
n*e 5 





Ky =.2-.4 


Q =1.5(4 Ky YH") 





Apporent earth pressure 


 P=(1.1-1.15) Py ;P=£30% Pav 
n= (.3-.5) 


P; =+60% Ping 


-). 4C€ 
K,=l- yr 


The sum of the actual strut loads, 
P) + P2 + P3 in Fig. 1(a),is roughly equal 
to the total force Pa given by the 
Rankine theory; however, the distribu- 
tion of the total force amongst Pj, P2, 
and P3 depends to a great extent upon 
the construction procedures. Therefore, 
the struts should be designed for loads 
Qj, Q2, and Q3, the sum of which is 
often 20% to 50% greater than P. Fig. 2 
proposes rules which are adapted from 
the rules suggested by K. S. Flaate 
(Flaate, 1966). 


The design of the wales and walls of 
the excavation is less critical than the 
design of the struts. Whereas, the latter 
may fail by buckling with little warning, 
the former are stressed in bending; there- 
fore, overstressing increases deflection 
which reduces bending stresses because of 
arching. Fig. 1(b) shows assumptions 


SUPPORTED EXCAVATIONS 


diagram 


Soft Cloy_ 

P=(1.05-1. 1) Py 

ne2(4-.6)  ( 
30% P,., 


(.4 ) 








oa bie 


K ¥H .65 Ky YH 
NGA eke I-sin 
K,azt-m yn rae g 
; Itsing 
Q = .875 YH?Ka 
2s) NaN Piav = .75Qi 
icago clay m= 71.35 Q= 1.3 Py 


Oslo clay normally consolidated 
ond N=" 4,m=.4 


if m=i Q= 1.75 Pa 


FIGURE 2 SUPPORTED EXCAVATIONS 
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1o-4 
which are often made when designing 
steel struts and wales. Because construc- 
tion matcrials commercially available are 
adequate for the support of excavations 
with depth smailer than about 100 ft, the 
design of the struc.ural supports rarely is 
difficult. 

d. Heave and Blewwout -- The possibil- 
ity of heave, or bottom failure of the 
excavation, should be investigated. Fig. 3 
contains a sample of the calculations 
which were made for an actual design. 
The Terzaghi and Peck method (Terzaghi 
et al, 1967) or the method described by 
Bjerrum and Eide (Bjerrum et al, 1956) 
are recommended for use. 

In clay, a plastic zone forms below the 
bottom of the excavation. The depth of 
the plastic zone depends upon the height, 
H,and the width,B,of the excavation. The 
magnitude of the heave is related to the 
stability number N = Y H/c. When N is 


Application 

H= 20- 60 ft 
Supports placed 
as excavation is 
made 


_Send and Clay | 
P=LiP, 


No send A Ng clay 





72:3 
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Ca Sy te 
ae 


one Kyvh 
yh-2c 
| Clay 
yH-2c 
Q =(1.3-1.7)P 


. Locction of center of 

: pressure- nall= distance 
of center of pressure from 
bottom of excavation 







SHEET Pile 
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greater than 4, heave should be ex- 
pected. Large heave is likely to occur 
when N = 6 to 8. 

Blowouts through vertical circular 
pane between soldier beams or lag- 


“ing boards should be expected when 
N = H/c=6 to 8 (Broms, 1967). 


e. Estimate of Movement — The mag- 


nitude of the lateral movement and settle- 


ment of the side of an excavation and 





| SPT 


FIGURE 3 HEAVE AND DEPTH EMBEDMENT 
adjacent properties cannot be calculated. 


In clay, significant movements usually 
take place when N = H/c is greater than 


3 or 4. When N is between 5 and 10, 


settiements as great as one or two percent 
of the excavation depth cannoi be 
avoided. Settlements are due to two 
causes: (1) deflection of the wall of the 


excavation and heave; and (2) consoli- 


ae ae 


MONENT 
a 
kXxi ings lint “in 


2.95;0.89) 2670 | 70 


dation. 


f. Type of S “pports and Construction 


* Sequence — The choice of the type of 


supports and ihe planning of the con- 
struction sequence are generally consid- 
ered to be the prerogative of the con- 
tractor. This view is souna but should not 
prevent the engineer from preparing 3 
design memorandum in which the relative 
merits of severa! procedures are outlined. 


Because the magnitude of the move- 
ments of the adjacent properties depend 
upon the length of time during which the 
excavation remains open, the work sched- 
ule should be arranged so that the length 
of time the excavation remains open in 
the vicinity of sensitive structures is 
minimum. Because experience is always 
acquired during the first stages of the 
work, it is recommended that construc- 
tion be started in the less critical portions 
of the excavation to obtain the maximum 
profit from the observations made at the 
beginning of the project. 

Table I gives a list of usual construc- 
tion procedures. 


SATISFACTORY 
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The following is a list of statements 
which may be used as guides when the 


‘type of support and construction se- 


quence are being determined. 
— Staged construction leads to less 
movement of the neighboring properties 


- and is not necessarily more expensive 


than excavating the entire site before 
starting construction of the permanent 
structure. 

— Walls consisting of steel sheet piles 
or reinforced concrete subpiers which are 
later used as part of the permanent wall 
are very satisfactory; this also applies to a 
cast-in-place reinforced concrete wall 
built in a slurry trench. 


\o-6 


— Soldier beams, such as H-piles, or in 
some cases, cast-in-place reinforced con- 
crete piles, are very economical. They are 
sometimes necessary when sheet piles 
cannot be driven. Timber lagging is in- 


. Stalled between the soldiers as the exca- 


vation proceeds. To permit arching and 
reduce settlement, lagging should not be 
placed too far behind the soldier beams; 
see Fig. 4. 

_— Some settlement of the adjacent 
ground cannot be avoided because the 
sides of the excavation have the tendency 
to move below excavation level; that is, 
before the supports can be installed; see 
Fig. 5. 


LESS SATISFACTORY WHEN SETTLEMENT 


-SHOULD BE AVOIDED; HOWEVER, SOLDIER 


BEAMS CAN BE USED ON PERMANENT WALLS 


pe Papier DAMAGES ~———}——> NO DAMAGES 


POINT SETTLEMENT 





(a) RELATIVE POSITION OF LAGGING AND SOLDIER BEAMS 


LATERAL MVT. 








A B iN. IN. 
a A 2 to 6 I to2 
SOFT CLAY OR B Il to 3 1/2 to I-!/2 
WET LOOSE SILTY SAND Cc 1/4 to 34 /8Bto 1/72 
He } A, 2? 2103 
=e B, /2 | to 1-1/2 
50' A, B, C| é, 1/8 1/8 


nl[x 


(b) TYPICAL FOR MOVEMENT ESTIMATES 


aw 


FIGURE 4 RELATIVE POSITION OF LAGGING AND SOLDIER BEAMS AND TYPICAL MOVEMENT ESTIMATES | 
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Wes ‘: oe i ae deep excavations, chis chare 
RO incne pny GIFT om 
dation contractors. Theory and analysis 


of soil pressures for granular soils was: 


worked out by Prof. Donald M. Bur- 
mister, head of Columbia University’s 
“soil mechanics department in the School 
of Engineering. 

‘The chart is not applicable for highly 
plastic clay soil, but can be used for 
estimating the supporting structure for 
all soils which can be drained. Ic is ap- 


arr ie for deep excavations used for 
iidings, subways, sewers, highways and 


heavy construction projects. From the 


chare, the estimator can select the size 
apd spacing of all the structural com- 
ponents: vertical Sao beams, timber 


























& 


Modified lateral 
earth pressure dia- 
gram 





+ Estimater D 


| Max. 


Min. 690 
| Max. 





oh ltl “horierneal wales, and their 
supporting rakers. 

The boundary conditions for soil pres- 
sures and the entire analysis for a safe 
design were worked our by Professor 


_Burmistér. The maximum and minimum 


soil pressures shown on the chart are 
compiled from a ten-page analysis for 
all types of granular soils: in an un- 
saturated condition. Structural members 
are calculated for soil pressures (mini- 
mum and maximum) by Contact Sheet- 


ing, Inc. engineers, a division of Coakley 
& Booth. 


The use of horizontal contact sheeting 
for supporting deep excavations is ad- 
vantageous under all conditions where 
water can be drained from the soil. 

Lateral soil pressure intensities (min. 


| : “PREPARED BY 
‘Donald M. Burmister, 


_ Professor of Civil Engineering 


Department of Soil Mechanics 
School of Engineering, Columbia University 


iNone (W) 
None (R) 
| 1LOWF6S(W) 
1108P42(R) 





| 10wF49(~W) 
32°x127(R) 


14WFB4(W) 
12BP33(R) 








10BP42 





a 


12WF65(W) 
128PS53(R) 


| LAWF136(W) 
14BP89(R) 






148P73 


14WFB7(W) 
128P53(R) 
| 24WF140(W) 
14WF130(R) 









"128P74 


1660| 14WF136 


Sizes listed above are for nurnber and spacing 
of Wales as shown on pressure diagrams, modi- 
fied by CS engineers as job experience dictated. 





mum rake o 


Developed For Sheeting | ~ 


& max.) are calculated to cover the ex- 


treme range of pressures encountered in ~ 
“free-draining, granular soils for cuts up 


to 50-ft. in depth. These calculations are 
based om conservative analyses, in con- 
formance with the latest theories of soil 
mechanics. A modified trapezoidal earth 
pressure diagram, in accordance with 
Dr. Karl Terzaghi’s recommendations, is 
used in determining the soil pressures. 
Minimum earth pressures and corre- 
sponding sizes of members should be 
used only when previous experiences in 
an area indicate a coherent, compact, 
granular soil and good job conditions. 

The design given in the table is sug- 
gested as a nie for estimating purposes 
only. The final design should be verified 
with consulting engineers experienced in 
foundation design, to assure a safe and 
economical installation. 

The design, using 3” x 10” fir or pine 
sheeting, supported by fastening assem- 
blies, is s,s on the following: 
Allowable stresses (psi) 

Seeel: £,=24,000; f 10,000; f,=13,000 
Timber: £,=675 

L/r=120; L/d=25 

Raker braces 
1 on 14%) and soldier 
beams spaced 7’-6” center to center 
Ground water maintained below the bor- 
tom sheet 


Road Plan Alteration Possible 


WASHINGTON, D. C.—Congres- 


sional action may be used to get the 
Bureau of Public Roads co reconsider 
its insistence on the so-called Wisconsin 
corridor for a Maryland-District of 
Columbia Ree. 240 connection. Federal, 
Maryland and District highway officials 
stuck to the positions they have held 
during the controversy. 

Senator Francis Case (R-SD) sug- 
gested ar a Senate Public Roads sub- 
committee hearing that the agency 
might be told by Congress to postpone 
until September an August | deadline 
for submission of revised interstare 
highway plans to allow the district to 
justify a route east of Rock Creek Park. 

Federal Highway Administrator Ber- 
tram D. Tallamy has stated that the 
major block to any route bur the W'is- 
consin corridor for the Rre. 240 con- 
nection would be too- expensive and too 
long for Federal aid. District Highway 
Director Harold L. Aitken at the Senate 
subcommittee meeting revealed a map 
showing that the Wisconsin corridor 
route would be 9.57 miles long and 
would cost abour $111 million, while 
the proposed Rock Creek Park proposed 
coure would be abour 7.92 miles long 
and would cost abour $109 million. 
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Stability of deep cuts in clay 


- D. LIAM FINN, A.M. ASCE, Assistant Professor 





Department of Civil Engineering, University of British Columbia, Vancouver, B.C. 


Stability against bottom heave of 
deep braced cuts in soft clay has re- 
ceived attention in both textbooks and 
technical journals. Most textbooks that 
treat this problem present the Terzaghi 
method! for calculating the critical 
depth, D,, at which heave will occur. 

Bjerrum and Eide? drew attention 
to the fact that the Terzaghi method 
is not applicable to deep cuts and pro- 
posed the formula, 

D. = N.~ 
¥ 
The factor N, is obtained from charts 
prepared by Skempton,? based on his 
theory of deep foundations; S$ is the 
average shear stress, which may be 
replaced by c, cohesion; and 7 is the 
unit weight of the soil. 

The method presented here is based 
on predicting the length of surface 
over which significant shear stresses 
may be assumed to operate at the in- 
stant of incipient heave. The results 
obtained by this theory will be com- 
pared with those given by the formvu- 
las of Terzaghi and Bjerrum and 
Eide, and with the field data reported 
by Bjerrum and Eide. 

The slip surfaces and force system 
assumed in the Terzaghi method! are 
shown in Fig. 1. Using an ultimate 
bearing capacity on line AB of 5.7 c, 
the critical, depth is obtained as 


J ee 
CASE T pore ces 
B> Ya ns 


a 


At the instant of failure the line AB 
moves down. Finn? has shown that 
stresses caused by such a displacement 
are initially dissipated to within a few 
percent of their maximum value at a 
distance of 3b from AB, or about 
four times the length AB. It is there- 


fore assumed that shear stresses of 
significant magnitude will not be mo- 
bilized over _a length of BC greater 
than “ 

~ The net force on AB per unit length 
of cut, P, is then given by 


CIVIL ENGINEERING «+ June 1963 


CASEI (<5) 


TA 
p=("3* 7D. ) - ibe 


“eo 


and the net pressure, p,, by 


p= (7D. ) —42c¢c 


At the instant of heave, p, = 5.7 c, the 
ultimate bearing capacity, and 


D399 
y 


For convenience, the critical depth is 
taken as 


Da 10 —- 
Z 


Five shafts described by Bjerrum 
and Eide fall within the range of the 
above formula (D > 3 6b). Data on 
these shafts are given in Table I. Ta- 
ble II gives field results and compares 
the various theories. 

The theory advanced here, like the 
Terzaghi method, does not take the 
length of the excavation into account. 


The_ length is assumed to be infinite. 





Thus_the results are conservative. 

An upper limit is established for the 
length over which the full shearing re- 
sistance may be expected to act at the 
instant of incipient heave. In practice 
this length may depend somewhat on 
the consistency of the clay. There is 
not sufficient variation in the co. sist- 
encies of the clays described above to 
clarify this point. 

Correlation with field data appears 
to be rather good but comparison with 
data from clays of more widely differ- 
ent characteristics is desirable. — 
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TABLE |. Data on deep excavations” 


Linear dimensions in meters; forces in tons 


SHaAFr 

LOCATION b D y Ss 
1. Goteborg 0.9 25.0 1.54 3.5 
2. Oslo tS 7.0 1.85 1.2 
3. Trondheim Dat 19.7 1.80 3.5 
4. Oslo is 12.6 1.85 21 
5. Oslo 105 11.0 1.93 2.7 


TYPE OF 
N, Oe Fature 


9.0 224% Total 

9.0 G-S Total 

8.5 19-5 Total 

9.0 1\.4 Partial 
9.0 \4 No failure 





TABLE Il. Comparison of 
theoretical and field results 
In shafts of Table |, for depth Dd, 

TERZA-  BJER- 


SHAFT GHi* RUM Finn 
1 ae 20.4 227 25.0 
a 9.5 5.8 6.5 7.0 
3 17.4 19.4 19.7 
4 10.2 Tt. 12.0 
5 12.6 14.0 D=11.0¢ 


*The Terzaghi formula yields results only for 
shaft No. 2, 
-¢This shaft did not fuil at a depth of 11 meters. 


acrun() 





FIG. 1. Assumed mechanism of failure in a 
deep cut. 
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Introduction 


These notes outline some of the Important design con- 
siderations that effect the earth pressures behind retaining 
walls. The services of the Bureau of Soll Mechanics are 
available for any problems concerning earth pressures and 
bearing capacity In retaining wall design. 


The lateral earth pressure is the pressure on the back 
of a retaining wall caused by a soil mass behind the wall. 
The force exerted on the rear of the wall is the force 
required to prevent the mass of soil from sliding along a 
sloping surface called the failure plane. This is shown 
in Figure |. 







The force of the 
Wedge oa r¢he 
Wal,= P 


failure Plane 





FIGURE | 


Conditions to Develop Wall Pressures 


The wedge of soll in Figure |, is held tn place by the 
force P and the friction alon pos fel lure. plane. In order 
thoks 


° * e Be othe 3 ee <= 
to develop the friction’ afon fie plane- 
sma movemente 


ere must be some 
If the wall deflects a small amount then the friction 
will be mobilized and the force P will be smaller than if 
no movement Is allowed. This case is called the active 
pressure condition where the friction helps in reducing 
the pressures on the wall. 


if the wall is pushed back then the force on the wal! 
must be large anough to resist the friction along the plane. 
This case is called the passive pressure condition where the 
frictional resistance increases the pressure on the wall. 


Extensive model tests by Jerzaghi. and Tschebotarioff 


have provided the information shown in Figure 2. 
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LEorth Fressure 





aif wis Sth 
303 02° \40/ oO 002 wo} 
Wall Rotation g/t 


FIGURE 2 


oo Has 


For a 20 ft. wall, a movement at the top of 1/4 inch jaca 
is requlred to reduce the oressure to the active condition. Se es 


[If the wall did not deflect, the pressures on the well would 


be 2 to J times greater and TF the wall fs pushed back the 
pressures on the wall would be 8 to IO times larger than the 
pressures for the active condition. 





Standard design curves in use today assume that the wall 


will be permitted to deflect a smal! amount to permit the 
active pressure case. This has proved to be practical and 
satisfactory since the deflection is so small it is usually 


not even observed. 
Use of the Equivalent Fluid Pressure Method 


Soil, unlike water, has a shear strength and the ratio 
of the lateral pressure to the vertical pressure is not equal 
to one as is the case for water. For soils, the lateral 
pressure is taken as the vertical pressure multiplied by a 
lateral pressure coefficient, Ka. The lateral pressure 
coefficient is, among other things, a function of the strength 
of the soil. The friction angle, @ is 4 measure of the shear 
strength of a granular soil. In equation form this is as 
follows: 


[6-22 


ee 


ph = Ka pv 
Where: ph = the /ateral pressure 
pv = the vertical pressure 


Ka 


Ka = |-sin 
a (for a horizontal backfill) 


Where: $ = the friction angle of soll 


the lateral pressure coefficient 


In the equivalent fluid pressure method, the soil is 
assumed to behave as a liquid. However, the unit weight of 
the soil must be modified to account for its strength. This 
is easily done by multiplying the weight of the soil by the 
coefficient of lateral pressure, Ka, and arriving at a new 
weight which is called the equivalent fluid weight or the 
equivalent fluid pressure. 


Where: we = the equivalent fluid pressure 
w = the unit weight of the soil 


4, Method of Design 


An example of this method of design Is shown in Figure <. 






P= 8000 /és, 


F = 500 pss, 


=p. 5777 2.5, 
Ko = MAF SF —— OSS 
YEP S977 gp 4.25 


Be = ka @= 9.333 020) = 4 pct 
The pressure at ¢he bhotram of the walf g = 20 (40) = 800 p.s.f. 


ioe 400 (22) = £000 /bs. 
OL, 


2 = 
pe 4 a2 8000 Jhs. 


FIGUIPE. 3 
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To faciJitate the determination of equivalent fluid 
pressures for the sloping and broken slope backfill con- 
dition, charts entitled, “Pressures on Walls Supporting 
Embankments” Drawings SM 1661 A, B & C have been prepared 
and attached to these notes. The assumptions used in pre- 
paring the charts and their Iimitations are listed on 
Drawing SM I661A. 

THEBRY 
The above ris Poe HRS are not valid when the 


backfill is not a homogenous granular material andfor_@ 
compacted embankment material. In addition, thts method Sex. Fon. 
or these charts should not be used to determine pressures$ Pectnts 
Re Silnetis Bae ARE a yispenees Re 6 iA rink ep ge ees « w RETRO Be ees a 
on crib walls, bin walls_and gravity walls which have Be ebaclnee: 
sloping backs and no projecting heels. Gee. § ee Pi) one 
0-8) 


I THIS CASE OSE COULEMS $ THEORY CHAUDICKES Paces 7~ 1tef 
Factors Which Effect the Pressures on the Wal | fe 






JA. The friction angle of the soil - As shown in 
Figure 4, the equivalent fluid pressure, we, 
decreases as the friction angle increases. 
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JB. Effect of soll density on pressures - The more 
dense the wall backfil! material, the higher the 
friction angle. This is shown in Figure 5. 
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Slope of backfill behind wall - As the slope of 
the backfill behind the wall Increases the equivalent 


fluid pressure increases. This Is shown In Figure 6. 
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Drainage - If there Is not adequate drainage behind 
the wall, then the water collecting behind the wall 
will create an added pressure on the rear of the wall. 
Figure 7 is an example of the high pressures caused 
by water, 


J0-2S5° 
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eee. Pressure with water 
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Pressures withouf warer 


We = 122.4 x .333 = 40.8 pel, 
g = 00.8(20) = Fo p.s.f 


Pressures wtth water 


We = 60x.333 + 62.4 = G24 po 
g = 824 (20) = 1648 psf 


FIGURE 7 
E. Effect of slope of back of wall - For crib walls, 


bin walls or gravity walls which do not have a 
projecting heel heel, the slope of the back of the wall 
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s_2 Targs effect on = E on the coefficient of lateral 
pressure, Ka, which tn turn determines the soil 
pressure on on ge oe Be LF the wall. Figure 8 shows 
this effect. 
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Backfill material gradation and particle shape - A 
higher density and a greater friction angle can be 
obtained from a well graded material composed of 
angular particles as compared to a material composed 
of rounded particles of uniform size. 


6. Check Lists of Soll Considerations in Retaining Wall Design 


A. 
Be 


C. 


D. 


E. 


Fe 


Obtain adequate soil explorations. 


Does the wal! support natural soils, i-e. cuts? 

lf so, investigate the strength of natural soils 
because earth pressures may be higher than indicated 
on charts for walls supporting embankments. 


Are the foundation soils beneath the wall adequate 
for spread footings or will piles be required? 


ls the wall drainage adequate? Walls supporting 


wet cuts where large volumes of water are encountered 


may require special drainage measures. 


Will the wall be backfilled with a properly compacted 


granular material? 


Will there be any temporary or permanent surcharges 
behind thea wall? 
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PRESSURES ON RETAINING WALLS SUPPORTING EMBANKMENTS 






Use of Earth Pressure Charts 





Figure 2 gives the equivalent horizontal fluid earth 


pressure, Pp, for various slopes and h/H ratio. Figure 3 






gives the vertical equivalent fluid earth pressure, Py, for 






the same conditions. 






Assumptions 
The following soll properties were used in preparing 
these curves. The backfill is compacted material with a 


friction angle of 38.6 degrees and a unit weight of 130 Ibs. 
per cuble ft. | 








Discussion 







These curves are only applicable for retaining walls 






supporting fills composed of compacted embankment materials. 


For retaining walls supporting natural soil, an investigation 





should be made to determine if the strength of the natural 






soll is less than the above assumed strength. If this is 






the case then these curves should not be used as the resulting 


soil pressures may be greater. 
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APPROXM. EXISTING GROUND 


PERMANENT 
SHEETING 


sea 


DRIVE STEEL SHEET PILING AS SHOWN. 


LIMITS OF THE MAXIMUM 
INITIAL UNCLASSIFIED EXCAVATION 


; PERMANENT 
TEMPORARY. SHEETING 
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6. 
CONSTRUCT THE RETAINING WALL 
WITHIN THE SHEETED AREAS. 







COMPLETE ITEM 6 EXCAVATION 
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8. 


BURN OFF THE STRUTS A MINIMUM OF a 
INSIDE THE FACE OF THE WALL. 

RESTORE THE FACE OF THE WALL TO A 
SMOOTH SURFACE. 
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THE PERMANENT SHEETING OFF a 
BELOW FIN. GRADE. Ps 


BACKFILL 


viroy 


9. 











REMOVE THE TEMPORARY SHEET PILING. 
COMPLETE THE UNCLASSIFIED ———— 


EXCAVATION 


' RETAINING WALL 
f 6RANULARY 
BACKFPILL| 


SUBGRADE 


PERMANENT 
SHEETING 


STATE OF NEW YORK 


SEQUENCE OF CONSTRUCTION OF 
DEPARTMENT OF PUBLIC WORKS | RETAINING WALLS ADJACENT TO 


BUILDINGS ) 


Se ee ~ — mae Oe ee ee ee ed 


—— 


CIVISION OF CONSTRUCTION . 4 


Ke Ome SC [0-32 
MACCAFERRI GABIONS OF AMERICA, ING,—————___- == 


) 55 West 42nd Street - New York, N.Y. 10036 


GABIONS STRUCTURAL DESIGN DATA Retaining Walls 


Fundamental Facts About Gabions 


Gabion walls are essentially gravity structures. Their design follows standard engineering prac- 
tice, while considering the inherent advantages of their strength, flexibility, and permeability as 
additional safety factors. 


Some advantages of gabion walls are: 
1. They may be quickly erected. 


2. They are pervious to water and, therefore, afford good 
drainage. 


3. They are flexible. Hence, they need not be founded below 
the frost line. 


4, They are reinforced to tolerate substantial differential 
settlement without fracture. 


5. They are comparatively inexpensive. 


Gabion walls are built in courses as:in brickwork, for the gabion itself may be likened to a large 
flexible brick. Walls of the “backward leaning” and “stepped back” types may be built. The 
choice of type lies with the designer, although the stepped-back type is generally easier to build 
when the wall is more than about 10 feet high. 


The contact pressure on the base of a rigid wall is assumed to be distributed in a planar fashion. 
Thus, when the resultant of the load on a rigid footing passes through the outer third of the loaded 

_ area, the subgrade reaction is assumed to be zero at the heel and a maximum at the toe. The 
- contact pressure on a flexible gabion footing is not distributed in a planar fashion, but decreases 
from a m¢ximum at the point of application of the resultant to lesser values at the edges of the 
footing. The pressure at the toe of a gabion wall is, therefore, generally less than for a rigid 
wall. The calculations for the subgrade ‘reaction on a flexible foundation are awkward, time con- 
suming, and involve errors associated with evaluating the coefficient of subgrade reaction. There- 
fore, the reaction is assumed to have a planar distribution as in rigid walls as the error in as- 
suming this is on the safe side. See “Soil Mechanics in Engineering Practice” by Terzaghi and 

» Peck for more complete discussion. 
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Design Criteria for Gabion Walls 


The unit weight of a filled gabion depends on such factors as the size and shape of the fill mate- ) 
rial, the method of fill placement, and naturally on the specific gravity of the fill. The engineer 

should generally specify stone having a size range of 4” to 8” for filling gabions as this size 

of material has the advantages of being easily handled by mechanical equipment and producing 

rather small voids when dumped into the empty gabions. However, from measurements taken from 

a large number of tests using fill of various shapes and sizes, we recommend using a porosity 

of 0.30 when calculating the unit weight of a filled gabion. The graph in figure 1 may be used 

to obtain a reliable value of the unit weight for designing gabion walls. 


The coefficient of friction, f, between the base of a gabion wall and a cohesionless soil may be 
assumed as the full value of the tangent of the angle of internal friction of the soil. This as- 
sumption is based on the fact that the surface of a gabion is quite rough and the foundation-soil 
will enter the interstices between the stones in the gabions. Thus, if movement occurs, shear 
will take place between soil particles, rather than between the soil and gabions. This conclusion 
may be confirmed by examining the underside of a gabion that has been torn up. 


If the wall rests on clay, the resistance against sliding should be based on the full cohesive 
strength of the clay. If the clay is very stiff or hard, a shallow tren'ch should be excavated where 
the wall will be built and a 6” layer of well compacted selected clean 3” gravel placed in it. 


The angle of wall friction, 5, may be assumed as the full value of the angle of internal friction 
of the cohesionless backfill. If no test data are available for the backfill material, a value of 30° 


should be assumed for the angle of wall friction. 7 y 


When designing gabion walls to retain clay slopes, a system of gabion counterforts is recommended. 
These counterforts should be spaced according to table 1. 


TABLE 1: SPACING OF GABION COUNTERFORTS® 


Cohesion Counterfort 
Type of Soil Water Content psf Spacing 
Very Soft Clay 40% 300 13’ 
Soft Clay 35% 400 16.5’ 
Medium Clay 33-30% 600-800 20-23’ 
Stiff Clay 27-25% 1000—1500 26-30’ 


*After Reynolds and Protopapadakis 


Gabion counterforts are built as headers and should extend from the front of the wall to a poini 
at least one gcbion length beyond the slip circle of the bank. 


‘The counterforts serve as drains and as structural members that support the slope by friction of 
the bank material against the sides of the counterforts. Hydrostatic pressure in the bank is re- 


duced by the free draining material in the gabions. Thus, the thickness of the wall may be re- 
duced because of this combined action of the counterforts. 


For a more extended treatment of counterforts, see “Practical Problems in Soil Mechanics” by 


Reynolds and Protopapadakis. Published by Crosby Lockwood & Son. 


For low retaining walls, elaborate theoretical calculations of earth pressure are not justified and 
semi-empirical methods are generally used instead. A method advanced by Terzaghi and Peck in 
“Soil Mechanics in Engineering Practice”, published by John Wiley and Sons (1948) is shown in 
figure 2. The values of KH and Ky are given both in units of psf per lin ft and kilograms per 
square meter-per lineal meter so that walls made of gabions in metric measurements may be 
quickly calculated. 


As with any wall, the foundation should be taken down to a sufficient depth below the circular 
arc of failure where clay or sandy clay soils are encountered. An example of a gabion toe wall 
to retain a clay slope is given in “Geology and Engineering, 2nd Edition” by R. F. Legget, pub- 
lished by McGraw Hill (1962). 


Figures and Tables 


The gabion walls in figures 3 and 4 are proportioned to retain soils of types 1 and 2, as described 
by Terzaghi and Peck in figure 2. A unit weight of 110 pcf (1760 kg./m3) has been used for both 


earth and gabions. If backfill of a different type is used, the wall dimensions do-not apply. 


The walls were designed so that the resultant is within the middle third of the base, but close to 
the outside edge as indicated by the arrowhead on each course. The factor of safety against over- 
turning is at least. 2. | 


Of course, safety against overturning is only assured if the pressure on the soil under the toe do's 
not exceed the bearing capacity of the soil. The walls in figures 3 and 4 are safe for soils having 
a bearing capacity of 2 tons per square foot. Table 2 (Page 4) gives nominal values of bearing 
capacities for various soils. If the computed pressure exceeds the value for the soil in question, 
the toe or heel or both must be extended. 


The tables accompanying figures 3 and 4 give dimensions for walls built in courses one meter 
(3’ 3”) high. Intermediate heights may be obtained by making the foundation course just one-half 
meter (20”) high or by making the top course 12” or 20” high, or both. The foundation course 
should not be less than 20” high if the stepped back wall type is used as thinner gabions are too 
flexible to distribute loads effectively. . 


Because individual gabions encase the stone fill completely, the cross section of the wall may be 
reduced easily as its height is increased. Also, savings can be effected by eliminating the wire 
mesh from the hatched portions of intermediate courses as shown in figures 3 and 4. A system of 
counterforts may be employed in some instances for further economy without sacrificing structural 
strength. The counterforts are made by arranging gabions alternately as headers and stretchers. 
For the walls shown in the figures, the spacing of the counterforts is 9’ 9” center to center and is 
obtained by alternating code “A” gabions as headers and stretchers. 


10-39 


While the wire mesh can be partly eliminated in intermediate courses of gabion walls, the entire 


foundation course must be made up of stone filled gabions to distribute loads effectively. 


The stepped back walls in the figures indicate,12” high gabions placed on end at the back of 
courses 2 and 3 to provide the theoretical base width needed. In practice, it may be easier to 
use 20” high gabions for course 2 and 3’ 3” high gabions for course 3. This will result in a wider 
wall than necessary, but it may also be more economical to install than the theoretically correct 


dimensions. 


TABLE 2: ALLOWABLE BEARING CAPACITIES OF SOILS* 


Type of Bearing Material 


Well graded mixture of fine and coarse 


grained soil: glacial till, hardpan, 


boulder clay 
(GW — GC, GC, SC) 


Gravel, Gravel-sand mixtures, boulder- 


gravel mixtures 


(GW, GP, SW, SP) 


Coarse to medium sand, sand with 


little gravel 


(SW, SP) 


Fine to medium sand, silty or clayey 


medium to coarse sand 


(SW, SM, SC) 


Fine sand, silty or clayey medium 


to fine sand 


(SP, SM, SC) 


Homogeneous inorganic clay, sandy 


or silty clay 
(CL, CH) 


inorganic silt, sandy or clayey silt, 


varved silt — c'ay — fine sand 


(ML, MH) 


*Adapted from Design Manual DM-7, Dept. of the Navy, Bureau of Yards and Docks, Washington 25, D.C. 


Consistency 
in Place 


Very compact 


Very compact 
Medium to compact 


Loose 


Very compact 
Medium to compact 
Loose 


Very compact 
Medium to compact 
Loose 


Very compact 
Medium to compact 


Loose 


Very stiff to hard 
Medium to stiff 
Soft 


Very stiff to hard 
Medium to stiff 
Soft 





Recommended Value 


Of Allowable 


Bearing Capacity 
Tons per Square Foot 
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SPECIFIC GRAV/TY 
OF COMMON MATERIALS 


é xomple : 


GIVEN: SPEC/F/C GRAVITY = 2.7 
2.0| FIND: UN/T WEIGHT IN (a) Pef, (6) T/ye3, (¢)Ky/m 


BASALT 






CONCRETE (BROKEN) 2.4 SOLUTION: PROCEED VERTICALLY FROM S.G.22.7 TO 

GRANITE IUTERSECTION OF DIAGONAL LIME. 
THEN PROCEED HORIZONTALLY TO 

INTERSECTION OF VERTICAL LINE 

ANO FIND: (a) UM/T WEIGHT = /18 Pcf 


fe) Were oe 27] oe 
(Or) & at? w= 4890Ky/m4 
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DESIGN LOAOS FOR LOW GAB/ON RETAINING WALLS ) 
(STRAIGHT SLOPE BACKFILL) © 
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. CLEAN SAND AUD GRAVEL: GW, GP, SW, SP. 
2. DIRTY SANO AVD GRAVEL OF RESTRICTED PERMEABILITY: 
GM, GM-GP, SM, SM-SP. 
3, STIFF RESIDUAL SILTS AND CLAYS, SILTY FINE SANDS, 
CLAYEY SANOS ANO GRAVELS: CL, ML, CH, MH, SM, SC, GC. 
9. VERY SOFT TO SOFT CLAY, SILTY CLAY, ORGANIC S/LT 
AND CLAY: CL, ML, OL, CH, MH, OH. 
6 MEDIUM TO STIFF CLAY DEPOSITED IN CHUNKS ANDO 
PROTECTED FROM INFILTRATION: Ch, CH. 
FOR TYPE § MATERIAL HW 18 REDUCED BY 4 FT, RESULTANT 
ACTS AT A HEIGHT OF (H-4)/3 ABOVE BASE. ; 
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Di otvibutions Limited 
THE USE OF SOIL MECHANICS IN THE DESIGN AND CONSTRUCTION OF BRIDGE FOUNDATIONS 


Philip Keene 
United States of America 


SUMMARY 


Soil mechanics is a rather new branch of civil engineering that is becoming widely used; 
when applied soundly, it is a valuable aid in solving many or most of the difficult civil en- 
gineering problems involving the underground. It is used to solve problems quantitatively, _ 
such as amounts of settlement and earth pressures, and qualitatively to correctly visualize — 
and understand phenomena in the underground. On design, the Soils Engineer investigates the 
bridge foundations problems and gives the Bridge Engineer specific recommendations on them, to 

_ make them safe but not wastefully conservative. On construction, the Soils Engineer aids the 
construction and bridge engineers in features occurring during construction; also, he takes 
measurements in the field to observe the behavior of foundations and to determine how correct 
his design recommendations were. 


In design, the soils work has three phases: field explorations, laboratory testa, and 
analyses and recomendations. Field explorations consist of borings, test pits, soundings 
with bars or pipes, seismic surveys, electrical resistivity surveys, geological studies and 
other studies such as stream scour. Laboratory tests consist of classification tests to idea- 
tify the soil and performance tests that measure its performance in compression (consolida~ 
tion), in shear, in drainage and other functions. Both the explorations and the laboratory 
testing should be under the direction of the Soils Engineer, as they are in his field of 
specialized knowledge and the results are used directly by hin. 


The Soils Engineer then applies the results of the explorations and the teeting to his 
foundation analyses, using soil mechanics theories where necessary, tempered by seund judgnent 
and experience on foundation work. His analyses lead to written reconne ngs tt one to the Bridge 

ineer covering all aspects of the earth and rock as the f 
substructure, During the above work, the Soils Engineer confers ernie with the Bridge 
Eagineer, to learn from the latter the type of structure, number of spans, tolerable settle—- 
ments and similar features affecting the foundation design. For complete cowe the Soi 


Emgineer should have a comprehensive check list of all items which he should eonsidar im his 


analyses and recommendations, This check list includes items in each o 
Categortes: (1) elevations of Footings, (2) spread footings on earth or roek @ Beth, (3) 


piles, (L) scour, ground water ami river water, effect of roadwa niscel- 
laneous, A discussion of some of the sore important or less obvious items is gives, with 
examples. 


Elevations of footings are influenced by depth of frost, location of a ges bearing 
stratua of earth or rock, safe depth below probable scour and elevation of water table. The 
last two items are covered in later categories. Where top of a good bearing strates is not 
excessively deep, the poorer stratum may be removed and backfill of gravel fill a other law 
cost material placed up to bottom of footing. [It should be remembered that if tho br ie 








on and the roadway fill is on a slowly-settl foundation so a be sult =e 
where the pavement meets the bridge floor. or 


When footings for a bridge are bearing on soil or rock, the analysis of the prevlea eften 
requires applied soil mechanics. The allowable bearing value is based on the requiremsat that 
settlensate whit be of prot Ke a er mr for the structure in question. If the soil is 


+ 


; 
. Yes Z 
“mae 


i-3 


Doc. No. 87 
sand or gravel or a similar firm stratum or bedrock, suitable bearing values can be assigned 


from experience, intelligent building codes or reliable text books. The texture of the soil 
and the blow counts in the borings aid in this. Settlements and lateral movements in such 
strata are usually small and occur extremely rapidly. If the soil is chiefly silt or clay, a 
careful aneigiis should be made; performance tests should be made in the laboratory on "undis- 
turbed" samples and the Sciis Engineer makes settlement calculations, using Boussinesq or 
Westergaard solutions, with modifications if necessary to fit actual conditions. Sometimes we 
find from the laboratory tests that the clays have been pre~loaded, that is, consolidated 
during their past history to a load greater than their present overburden load. This means 
that settlements of the bridge and approach embankment will be much less than if there had 
been no pre-consolidation. [ts central Connecticut, a large number of bridges have been built, 
without piles, on a rather Soft and often very deep varved clay which was preconsolidated. 
Settlements of these bridges varied from 1" to 8", but diffe pete movements occurred chiefly 
at expansion joints and construction joints and eeatieally RE ‘ance work has been nec= 
essary. The saving by not using piles was about $2,500, 000.) 


[ir the settlements estimated by the Soils Engineer in the design stage of a bridge are 
not tolerable to the Bridge Engineer, alternatives must be considered. These are: stage con= 
struction, in which the substructure and approach fills are placed and allowed to settle 

_ before erecting the superstructure, or pre~loading by placing a fill, with overload, over the 
entire site and allowing it to settle before starting the bridge, or by using piles, or by 
changing the type of structure or the bridge site, or by replacing the compressible soil with 
compacted gravel fill.} The overload-and-wait treatment has been used with great success in 
recent years in central Connecticut at certain bridges where, in spite of the clay being pre=- 
consolidated, excessive settlements of the bridges would otherwise have occurred. [ The possi~ 
bility ofa Pritts ‘by sliding should also be kept in mind This might occur in clays or 
silts, but rarely in sands, gravels and hard materials. Analyses made by applied soil mecnan=- 
ics are used in this. Another type of spread footing situation is a stub (perched) abutment 
on a thick mass of compacted gravel fill. The fill is part of the roadway embankment but is 
specially constructed to avoid unnecessary settlements. 


The subject of piles is both interesting and difficult. ‘uch remains to be known about 
the behavior of piles and the soil wnich surrounds them. Our knowledge, based on experience 
and improved by theories from soil mechanics and other sciences, is usually sufficient to pro= 
duce proper installations. Types of piles vary and each has advantages and disadvantages, 
such as compacting or heaving the soil, susceptibility to decay or corrosion, ease of driving 
and splicing, and cost. Pile driving formulas are commonly used, but are useful only as © 
guides ;[static pile load tests are made if an accurate load value is needed. In the interpre=- 
tation of safe bearing value of friction piles, there are many rules in use,] It appears that 
the rule in the A.A.S.H.0. book, "Standard Specifications for Wighway Bridges", is much too 
conservative for ordinary cases. [when driving piles in silts and clays, lubrication and re- 
molding of the soil may be serious j{temporary liquefaction of silty soils is also a concern 
Another problem occurs when soil strata settle more than j j J j 
{fs placed on a soft clay through which piles are driven. _The resulting settlement of the fill 
and clay causes a drag CNTR! skin friction) on the Diles, Research has been made on the 
problem, as the effect of drag may be large and some costly experiences have occurred because 
of it. , 





Scour of stream bed around a bridge foundation does not normally involve soil mechanics, 
but a knowledge of soil behavior is helpful in studying it. Scour is a very difficult tning 
to predict and it is extremely important, as it can partially or completely destroy a bridge. 
Some research has been done on this, including a formula developed in Connecticut after the 
1955 floods, Under the category of ground water and river water are matters such as rotting 
of timber piles, soft conditions at footing excavations, and cofferdams. | Soil mecnanics is 
used in the analysis of a cofferdam, especially if it is to be umwatereds3"a flow net is drawn 
and studies made to determine if "boils" will occur and a pervious fill is needed;{jthen later- 
al earth and water pressures are calculated and the results given to the Bridge Engfneer for 
his structural study of the cofferdan.] 


In the past, the effect of roadway approach embankments on the bridge abutments was often 
overlooked, with numerous examples of serious consequences. The roadway embankment causes 


fia e lateral pressures in a soft foundation soil, which may resul® in an abutment on piles 
be dq horizontall and 1t may result in serious crag on piles, aS described previ usly,} 









r 

eing moved ‘ 
[Treatments to avoid or minimize these are by adding an extra span with a stub abutment, or 
excavating the soft soil, or treating it with sand drainage wells, or by using an overload 
and a waiting period, or by using struts, or by a combination of these. Soil mechanics is 
used to analyze these conditions and to make estimates of settlements and lateral movements 


and pressures] 
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Like radar, sonar, digital computers and other developments in electronics, soil 
mechanics is a new branch of engineering that is becoming widely used. Today in the United 
States it is taught in the engineering schools either at graduate levels or in introductory 
courses in the senior year. It is accepted by our older practicing engineers as a tool which, 
when applied soundly, is a valuable aid in solving many, perhaps most, of the baffling and 
sometimes mysterious civil engineering problems that arise in the underground. 


The most obvious use of soil mechanics is in solving specific problems in a quanti~ 
tative manner, such as the amount of settlement under an embankment or under a bridge, the 
approximate lateral pressure against a cofferdam, and positive and negative skin friction on 
piles. However, a nore subtle but equally important value of soil mechanics is in tne devel- 
opment of the Soil Engineer's understanding and comprehension of many day=by—day phenomena 
wnich he encounters in foundation work. Without soil mechanics, the Engineer either does not 
attempt to interpret many of these phenomena or else he often interprets them incorrectly. 


[I shall attempt to describe the use of soil mechanics in the design and construction 
of bridge foundations, based on 2 years' work in this field, including a year of graduate 
study at Harvard in Soil Mechanics and Foundations Engineering, 23 years as the chief Soils 
and Foundations Engineer for the Connecticut Highway Department, and study of the current 
literature, and discussions and conferences at conventions and meetings such as this one. | 


In bridge foundations the Soils Engineer can do a great deal to aid in securing. 
proper design and construction of these foundations. The task is primarily an engineering 
one. For that reason the soils engineering organization should be an engineering unit rather 
than a laboratory unit or a geological unit. bridge foundation work during desi the 


soils engineers should work closely with the bridge engineers, the Soils Engineer giving the 
Bridge Engineer specific i i ure in question. 
These recomaendations can be used by the Bridge Engineer to make a rational foundation design, 


which is safe and yet not wastefully expensive. (\ihen aspects of the Soils Engineer's recon- 
mendations are questioned by the Bridge Engineer, or when the type or location of the bridge 


or certain details are changed, the Soils Engineer and the Bridge Engineer should be in close 
touch to straighten out the matter promptly and rationally. Speaking from my own experience, 
the effectiveness of soils engineering was doubled or tripled, both regarding bridge design 
and highway design, when the soils engineers were transferred from the Highway Testing Labora- 
tory to the Engineering and Construction Bureau at Hartford 17 years ago. 


Similarly, during construction, the Soils Engineer works with the construction 
forces, including bridge engineers, giving them recommendations based on his specialized know— 
ledge. Furthermore, in soils work it is very important to verify his recommendations during 
design with field observations during construction. "The proof of the pudding is in the eat- 
ing." My soils engineers visit construction projects, whether requested or not, to learn how 
accurate their recommendations proved to be, and we record, in a special book, references to 
projects having special features, unusually accurate field observations, etc. for use on 
future projects. Today, because our specialized work is used on both design and construction, 
and in connection with bridges, roadways, highway buildings, rights-of-way and research, our 
Soils and Foundations Division is in a staff status, under the Assistant Chief Engineer. 


(For bridge foundations in design, the soils work can be divided into 3 phases: 
(1) field explorations, (2) laboratory tests, and (3)  dWft¥ses and design recommendations ,\ 
eld PRELIMINARY ANAL. 


Be Fi Explorations {TEST REQUEST 


These consist of test borings and other subsurface explorations where desirable, 
The latter include pits, soundings to shallow bedrock or to locate a suspected rock fill, seis- 
mic or electrical resistivity, examination of outcrops at ground surface and in basements of 
buildings, study of geologic maps, evidence of scour, effect of new construction on scouring 
characteristics of stream, and type and performance of existing foundations. | Knowledge of 
geology is, of course, necessary in most of this and professional geologists are a desirable 
part of the soils engineering staff.| 


I shall not take space here to describe boring operations or other subsurface ex= 
plorations, as they are highly specialized work. I should say, however, that this work should 
be under the Soils Engineer as he is the one who has the primary use for borings and other 
explorations; he understands soil and rock behavior and can interpret with the drill crews cer— 
tain phenomena wtiich might be baffling, e.g., loss of wash water, no recovery or small recovery 
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ef sample. Puzzling laboratory test results often can be explained by the Soils Engineer 
through hia knowledge of the conditions during the boring and sampling operations. Also, the 


Soils Enginser is the one who decides on the number of holes, necessary depths, necassary 
samples, etc. 


Cc. Laboratory Tests 


There are a number of soil tests, many of them quite well standardized. They are 
divided into classification tests (to identify the soil), such as grain-size analysis, water 
content, and liquid and plastic limit, and performance tests, such as consolidation (settle- 
ment), triaxial shear, direct shear, vane shear, unconfined compression and permeability. 
These should be under the supervision of the Soils Engineer for the same reasons as for the 
subsurface explorations, The testing should be done, preferably at or close to his office. 
This will enable him to watch special tests and note special features which may be overlooked 
by the soils testing man who usually is a technician rather than an engineer. That situation 
occurs fairly often. Also, if a test result appears peculiar, the Soils Engineer goes to the 
laboratory to attempt to learn the reason for the apparent peculiarity. Partial disturbance 
of an undisturbed sample, partial drying or wetting during the test and occasional thin layers 
of a different soil type are some of the things wnich require the special attention of the 
Soils Engineer. Therefore, the closer the laboratory is to the Soils Engineer's office, the 
more convenient and more effective is his supervision. 


Dd. Analyses and Reconmendations for Design 


The Soils Engineer who is assigned to a certain project should make tentative anal- 
yses and recommendations, written or verbal, to the Bridge Engineer who is designing the 
bridges on that project as the first two stages (borings and tests) are proceeding. This 
allows the scope of those stages to be altered, if necessary, while they are still in prog- 


‘ress. When those stages are completed, the Soils Engineer can complete his analyses and make 


his recommendations in writing to the Bridge Engineer. 


In making his analyses he confers informally with the Bridge Engineer over details 
such as final location of piers, abutments and wing walls, type of superstructure and per 
missible total and differential settlements. The Soils Engineer's analyses are based, where 
applicable, on theoretical and applied soil mechanics, tempered by sound judgment and exper 
idence. His experience should include knowledge on construction of foundations, Say es ak 

“with field measurements, such as settlements, horizontal movements, and pile behavior. Fre- 
quently past experience and knowledge of geology are used for certain problems. His recom= 
mendations for design should cover all aspects of the earth and rock as they affect the bridge 


foundations and substructure. To insure that none of these aspects may be overlooked, a check 
list, a as the following, is useful: 


1. Elevations (or depths) of bottom of footings, including wingwalls, 


a. Frost 
b. Scour 
oy c. Remember to core rock deeper if footings will rest on it. 
Mie an | §d. Watch for possible muck not found Jy borings. 


e. "Steps" in bottom of footing on 13:1 slope for soil and 3:1 for rock. 
bane. ata heasi ONSTET RLAR TS MOS He BAe A Eee we tie a ee eae lea 


2 8 x i bearing on soil or rock or both 

ja. Allowable (design) unit loads, average and maximum, under footings. 
fp Estimated settlements. 

¢. Desirability of stage construction and overload. 

Vertical expansion joints. 

Je, Stability against sliding. 

ha che Special fill under perched abutments. 

/g. Soil load tests. 


| 3. Piles 
“a. Type 
(1) Rotting above future ground water table, 
(2) Warine borers 
(3) Corrosion 
(4) Displacement and vibration of soil — compacts or heaves 
(5) Deep penetration 
(6) Subsurface obstructions 
(7) Cost 
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(1) Leads 

(2) Followers 

(3) Hammers 


(4) Sequence of driving 
(5) Jetting 
(6) Interference with adjacent piles and cofferdams 


Py [ Bearing Values 
}/(1) _Formula - rough guide 
(2) Load test - for friction piles 
(3) Liquefaction in clays and silts 
/(ix) Skin friction values for various strata 





(5) Negative skin friction in settling strata 
JA) Resistance of soil to lateral movement of piles 


| d. Estimating Lengths 
' (1) Embedment in footing 
(2) mbedment in soil 
(3) @nbedment in rock 
Xl) Additional for batter lengths 
Its) Buckling or brooming at top due to driving 
(6) Irregularities of strata 
(7) Extra to avoid splicing 
&) Minimum penetration because of scour danger 


e. jifiiscellaneovus 
(1) _Timber piles, end—bearing -_ not over 25 tons 
(2) Timber piles, = steel shoes in special cases 
1 (3) Steel shelis - thick, if driving through bouldery fill 
1 Ki:) Steel shells - reinforcing in upper part 


| (5) Pile cap if footing concrete will settle during hardening 
4. Scour 


a. History from iocal people 

b. Performance of existing structures 
c. Scour formula for small bridges 

d. Sheeting 


e. Rip-rap 
f. Slope paving 
ge Stream—lining ends of piers 
5. j 


;a. Possible future Ground jiater Table 






vb. [Effect of Ground Water Table during construction 
yee dy and stability of cofferdams 
(1) Water pressures by flow net 


{ (2) { Zarth pressures 
/(3) Gravel fill 
Xl) Concrete pile cap 
5) ‘Tremie seal 
yd. ‘Well points 


/ 6. /Effect of dway Fi i 
- Settlements of footings (see Item #2b) 
se Settlements of piles (see Item #3c-5) 


- Lateral earth pressures 
Jd. Type of foundation soil under fill 
je. Stability against sliding 
[it: Lateral movement of piles and/or walls (see also Item #3c-6) 
Ve Weep holes or underdrains 
h. Pervious fill 


| 7... Miscellangou 
la. Piers to be installed before stub abutments 


{ b. Disposal of bridge excavation material 
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A discussion of some of the more important items and sone of the less obvious ones 
is desirable, illustrating witn examples. : 

5 ae 

Group #1 - Elevation of Bottom of Footings. (These @levations should be established 
by the S Engineer If :  depth*of frost, location of a good 
stratum such as gravel or sand or bedrock, safe depth below probable scour, and elevation of 
ground water table. The last two will be discussed later.| [It sometimes happens that a foot | 


ing can be kept high, in a gravel stratum which overlies a more compressible soil, and tnus 
avoid the need for piles. j 


Sometimes at a compressible stratum a footing can be lowered to within about 2 ft. | 





of the botton of tnat stratum and placed on about 2 ft. of gravel fill to avoid tne need for 

piles. A case occurred in Connecticut a few years ago at an expressway grade separation 

bridge. There, 7 ft. of soft alluvial silt was underlain by 21 ft. of medium sand and then 

19 ft. of clay to bedrock. The silt was removed and 2 ft. of compacted gravel fill placed to 

support the footing. Settlements were about 2", The net saving in foundation costs was about | 
$25,000. [An advantageous by~product of omitting the piles where the foundation soil is com 

pressible, is that the bridge settles with the roadway fill, which aids in reducing the "bump" 

where the pavement meets the bridge deck.] 


A minor but sometimes troublesome item is the st j 
step in earth is difficult to cut and rarely will stand without cracking Lng, espe= 
cially when workmen are around. Once it is disturbed, it is of no value in suovorting the 


footing unless thoroughly re-compacted. The realistic design is to have the step rising on 
about a l= to 1 or 2 to i slope, Similarly, a step in rock should be on about a 1/2 tol 
nditi e 


slope for nost conditions 


fe 


An unusual case illustrating the need to core rock deeply where a footing will rest 
on it occurred many years ago in Connecticut. Borings for an arch bridge in a small yorge en= 
countered bedrock at shallow depths, so footings on bedrocx were recommended. It was dis- 

| covered during construction that "bedrock" at one boring was a large boulder, about 6 ft. 
al thick. Apparently the boring went into but not through the boulder. If the boring nad been 
) deeper, it would have gone through the boulder and the true bedrock surface would nave been 
found. ‘ 






magnitude for the structure in 
= ey Sak Ca ee ee 
not fail by rupty ¥ 





or compact well-graded 
assigned from past ex= 


be excessive and intolerable. [1 
mixtures such as glacial till, z 
perience, intelligent building codes or reliable text booxs., The texture (gradation) of the 
, Strata and the blow counts in the boring report usually provide sufficient data for proper 
'* evaluation of such soils. Settlements and lateral movements of these soils are nearly always 
insignificant and occur almost instantaneously as each load increment (footing, wall, super- 


structure and backfill) is applied.] i 


~xubhebhe Soil str: are { fly ¢ Ss or silts, a_careful analysis should 
be made by the Soils Engineer. These soils are usually more compressible than sands, gravels 
arid tilis, but fortunately they can be sampled without great difficulty, so that good drive 
samples and so-called "undisturbed" samples can be obtained in clays and silts. During or 
after the boring and laboratory test work, the Soils Engineer makes settlement calculations 
for abutments and piers. ie uses tentative allowable footing pressures and tentative dinen— 
sions of footings, and secures the data on probable roadway fills and cuts. From these, he 
calculates tne future stresses in the underground and compares them witn the existing stresses 

AG 


he soi] ata a 








using the Boussinesq or Westergaard solutions, with modifications if necessary to fit the 


actual conditions. [n these calculations, tne negative loads caused by excavationTor Oot 
ings and roadway cuts, the positive loads caused by roadway fiiis an ne buoyancy due to 
present and future pround water must be included. | I% can be seen from fig. 1 that, unless the 
shallow, the wei tng j ay. ment con— 
brid 















ing poagvay endanment ¢con= 
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MS. = REA FoR, Footy Woe 





coapressible stratum under the footing is 
trisutes much more than tne weight of the 


Nae” 


The vertical deformations (settlements) due t> the increases in wiltiah? compressive 
stress are calculated from laboratory consolidation tests on representative undisturbed 
samples. We frequently find clays that have been pre-loaded, that is consolidated during 
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their past history to a load which is greater than their present over—burden load. This con- 
dition, waich is revealed by the laboratory consolidation tests, (see Fig. 2 and 3), is very 
beneficial. The reason is that if a load is placed on a soil, then part of the load is remov~ 
ed, and then the load is reapplied, the consolidation under the reapplication of load is much 
less than uncer the original application of load. It means that future load increases due to 
the bridge and embankment will cause relatively small settlements, for sone or all of these 
new loads will be merely restoring the ancient load on the soil. In the north-central part 


of Connecticut are extensive areas containing thick deposits of gray and red varved clays, ex- 
tending to a maximum depth of about 275 ft. below ground surface. These were deposited in 


what’ geologists call Glacia xe Connecticut or Hitchcock. These varved clays have been pre- 
consolidated to loads varying fron one to four tons/sq. ft. greater than their present over— 
burden load, Yence, we have successfully bul numerous grade separation bridges on them 
without using piles. These bridges settled uniformly, some 1" or less and others as much as 
6" depending on thickness of clay and other factors. In 1959 at the suggestion of the 
U.S.3.P.R., I made a survey of these bridges, 22 in number, and furnished them with copies of 
the data sheets. The survey revealed that at 1 bridges, actual settlements differed from the 
design estimate by 1/2" or less and at the other 8 bridges the difference was about 1", In 
one-half of the cases, the estimate was too low and in one-half it was too high. The survey 
also revealed that most of the differential movements in the structures occurred at expansion 


joints and construction joints; elsewhere, there were some vertical hairline cracks in abut- 


ment walls. Also I found no maintenance work had been considered necessary at these movements, 
except pointing up a few joints with fresh mastic. Tne magnitude and frequency of these dif- 
ferential movements ("defects") are about the same as for our non-settling bridges on piles or 
on spread-footings. I might add tnat one of the bridges in the survey is a two-span contin- 
uous rigid-frame steel structure, witn pier on piles to hardpan but with abutments resting on 
clay. The abutment piles were eliminated during construction in 191, at the Contractor's 
request, due to the shortage of steel. The abutments settled about 1-1/2", slightly more than 
I estimated, but no harm has resulted. (The total saving on these 22 bridges, by not using 
piles, was about $2,500, 000.7 PP 

~ O0: 


Obviously, wnere reliable settlSment and soil data at similar locations in the area 
are available, tnese should be used to check or modify the above settlement predictions.| Cal- 


culated amounts of settlement commonly have an error of 2070 y plus or minus, and calculate 
jet s of settlement are less accurate, because 0o e strong eitect 0 in lenses of Sand. 


Hence, settlement observations of structures or embankments are an important aid) 








With his estimates of amounts and rates of settlement, the Soils Engineer confers 
with the Bridge Engineer to determine if such settlements are tolerable in tne proposed str uc 
Be, as they are not, there are several alternatives: stage construction, by which the : ub- 
structure and approacn fills are placed and allowed to settle before erection of the super-- 
structure, or by pre-loading by placing a fill with overload over the entire site and allowing 
it to settle, or by tne use of piles, or by a change in tne type of structure or a change in pS gy¥ 
location, or by replacing the conpressible soil with compacted gravel fill Le ever 
hoy 
Stage construction with a settlement j ix months j he ree 
ally in Connecticut; it causes no great inconvenience or delay if the bridge is part of a larg 
project, as the contractor can schedule his work to fit the requirements.| Ferhaps the most 
interesting and unusual example in Connecticut of the overload=and-wait treatment is on three 
grade separation bridges on the East Hartford Expressway, wnere the varved clay is 8&0 to 100 
feet thick. At each bridge, the 20 ft. fill for the underpass and the 0 ft. fill for the 
overpass were both placed as though no structure were to be built. After tne specified six- 
months' wait, the overpass fill was removed sufficiently to permit building the bridge. 
Settlement at the time this overload was removed amounted to about 15"; our readings on our 
“numerous settlement plates and piezometers during the last three years indicate that one 
bridge will settle about 8" and the other bridges will settle about 4". On this same project 
is a 660 ft. box culvert wnich has settled about 18" maximum to date and will settle about 3" 
more, with no harmful effects observed except small openings of tne expansion joints. Tne 
saving by not using piles on the 3 bridges and the box culvert is nearly ¥500,090.; also, 
there is no bump where the pavement of the bridge approach meets the bridge deck, as the en- 
bankment and bridge are settling together. Tne success of this treatment has led us to use 
this method on several other bridges now under construction near there. 






{ithe alternate of a change in type of structure sometimes occurs. An exanole of this 
is in changing the structure from a continuous type to one having simple spans; cnis will in- 
crease the cost slightly but may be desirable if intolerable differential settlements are 
anticipated.] 
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Where differential settlements are anticipated in an abutment and wingwalls due to 
conditions like the above or due to the footing being partly on soil and partly on rock, the 
Soils Engineer can aid the Bridge Engineer in selecting advantageous locations for vertical 
expansion joints. Such joints usually "take up" differential movements in the substructure 
and, thereby, eliminate cracks in the latter. 


Before leaving the subject of allowable bearing values under a footing, a few re- 
marks should be made regarding the criterion that the bearing on the soil should not cause 
failure due to a rupture of the soil. This criterion was mentioned previously, but HOt GIS- 
cussed, Rupture of the soil beneath the footing due to an excessively large load on the foot~ 
ing would occur, with customary highway structures, only in clays and silts. As the footings 


(J are placed below ground, a failure in sands, gravels, and compact strata such as tills would 


“A 


oO 
x 


) 


of less than 1/2" at twice desi load.|[ This Special grave costs more than ordinary em= 
bankment but 18 much cheaper than using piles, unless the gravel fill is unusually high, such 


- occur only under rare conditions. In clays, ultimate bearing value of the footing is aporoxi- 





mate l 25 times the shearing resistance ot the ciay Dis tie WELfitl OF Tie SOL> auOUE- DIE 
elevatien of bottom o ooting onsequen » 1f a footing 1s founded a t. below ground 


Surface on a clay whose shearing-resistance is about 600 psf. to at least 10 ft. below footing 
and whose density is 110 pef., the ultimate bearing value of the footing is about 5.5x600 plus 
5 ft. @ 110 = 3850 psf. The determination of the shearing resistance of the clay is difficult: 
the unconfined compression test is believed to give less than the true value and the field 
vane shear test and the triaxial compression test seem more reliable; the entire subject of 
shearing strength of clays is complex and is now the subject of much research and a consider- 
able number of seminars and conferences in this country and abroad. 


A word also should be said regarding a chart of bearing values given in "Soil Liech- 













hese allowable values in tons/sq. ft. are equal nu- 
he number of blows required to drive the sampler pipe ° 


drive samples of soil in test borings. 
az merically to approximately one-tenth 
one foot#jif ground water table is close to the footing, the allowable value is reduced] Cur 


experience is that these values are much too conservative for highway structures. For build- 
ings, these values may be more proper, as footings may be at ground surface, the structure is 
more delicate, and there is no heavy substructure and backfill to cause the major settlement 
before the superstructure is erected. Furthermors, the authors give words of advice on page 
413, stating that preference should be given to past experience and local practice, which 
should be followed, rather than the chart on page 423. Included on page 13 is. the following: 
The accumulation of the observational data needed for establishing local rules is a very good 
investment and should be encouraged." 


A final item which can be discussed is compacted fill, usually several fest thick, 
der pe abutments, Such fill is part of the roadway embankment, but it should be 
specially compacted and should generally be of special material, In Connecticut, we have con- 
Siderable clean bank=-run gravel and frequent rainfall. Consequently, we use the gravel for 
this special fill, as our natural soils frequently have much silt and sometimes clay, and 
become spongy if placed during prolonged wet weather. On the other hand, the gravel conpac=- 
tion is improved by rainfall. The gravel is placed in 8" layers, compacted to 100% of ‘odi- 
fied Proctor (laboratory) density, The latter is performed in accordance with A.A.S.H.0. Test 
T-180, Method D. Life usually require a soil load test on a 6! x 6! area wnen the fill is com- 
pleted, as a check on the adequacy of the work. [These tests usually snow a gross settlement 
















as 20 ft., and the piles would be short, such as 25 ft J THowever, when scour of tne founda~ 
tions is possible, it would be foolish to use the fill instead of piles,| 


Group #3 - Piles. 


The subject of piles is both interesting and difficult. ifuch remains to te <nown 
about the behavior of piles and the scil which surrounds them, particularly in the case of 
friction piles. Papers have been written describing notable installations and careful measure- 
ments taken, but in some cases the explanation of the benavior of the piles in relation to the 
soil could not be readily explained. However, for the usual project involving piles, our know- 
ledge, based“m: experience and improved by theories from soil mechanics, is sufficient to pro- 
duce safe and reasonably economical: installations. 


s of piles for most highway bridges ar } nal : ini 
cast-in-place concrete, and steel H-piles. However, pre-cast concrete piles are used commonly 


—m— 2s = Se woe es oe el ell 


#"Soil Mechanics in Engineering Practice", by Karl Terzaghi & Ralph Peck. John Wiley + SoBy. 
19 . 
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anics i ineering Practice", by Terzagni and Peck.* This cnart, Fig. 177 on page 423, 
ives approximate allowable values ae on the "standard ponetration test wien Obtaining “ 
~ 
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in some areas and prestressed pre-cast concrete piles are gradually becoming more widely Se 
Timber piles are generally the cheapest to furnish and will displace and compact a loose 
ervious soil, such as a loose sand; nowever, they will rot unless creosoted or otherwise © 
treated, when. above ground water table, are vulnerable ve marine borers and should not be 
loaded to high unit loads when they are end~bearing. in-place concrete piles will com- 
pact loose pervious soils and can be easily extended in Fie by splicing. Hepiles can be 
extended _ and can be driven to great depths if necessary and between subsurface obstructions 


in certain cases; they will cause a minimum of heaving when penetrating impervious soils such 
as clay, due to their relatively small displacement volume, but for. the same reason, are only 
moderately effective in compacting Loose pervious soils] 


imber or concrete piles wnich have an average diameter of 12" and an average spac— 
. ing of 3-1/2 ft. will displace a volume equal to about 6% of the soil into which they are 
driven. On the other hand, 12" H-piles will displace a volume of only about 1%. TWence, when 
a timber or concrete pile, *60 ft. long, is driven into a deep stratum of sand, a causes 
neither subsidence nor heave of the ground surface, it is compacting the sand about 63. When 
a 12" H-pile of that length, however, causes a subsidence of about 12" in such material, which 
is not unusual, this means a compaction of only about 2-1/2% 3} 


Bearing values of piles are undoubtedly the most controversial pnase of the subject. 
End—bearing piles usually give no trouble in this matter, as virtual refusal is generally at-— 
tained when driving them. Friction piles, however, are often civen bearing values by a _vari- 
ety of methods, Various formulas based on the blow count during pile driving, energy of the 

——hlow, ami other factors are the commonest metnod of determining allowable bearing values. The 
best known is the Engineering News formula. Tnis formula usually gives a factor of safety, 
when compared to total failure by plunging, between 3 and S when the soil is sand or gravel. 
However, when the soil is Silt or clay, the formula is of little or no value when driving con- 
tinuous ue to the lubrication which develops alon e surface of the pile. The pile dis- 
turbs and displaces the soil adjacent to it; since silts and clays nave low permeability, pore 
water does not have sufficient time to be squeezed out of this soil and thereby permit the 
soil to densify. Hence, the soil retains its natural water content and is merely softened by 


remolding next to the piled A better estimate of allowable bearing value is to use the blow 
ee ai ter a jong rest of several hours, such as ONGERLE Es i 


: (ALU f = 
ise aa design load While a test on a single aot is asus ly satisfactory fon a routine 
project, a group test is necessary when soil conditions are bad. A case in point is a bridge 
site in Connecticut having below stream bed 165 ft. of soft pink silt underlain by 100 ft. of 
fine sand and silt. A load test on a group of four 12" concrete piles, 70 ft. long, was 
specified, as well as the installation of the 1] piles adjacent to tne test piles. By loading 
l piles, the detrimental effect on a loaded pile due to the load on a neighboring pile could 
be included, as well as the deep settlement due to load from four instead of one pile. The 
11 adjacent piles were driven to create the benefit or detriment to the soil at the group 
caused by installing adjacent piles. Actually,.the Contractor drove 15 additional piles to 
serve as anchors for the "bootstrap" load test, making a total of 30 piles driven. Tne piles . 
drove very easily. Ten days after the piles were driven, the load test on the group of iy 
bil es was _ egun. nererments were added every 3 hours, and on application of the third incre- 
m Q oad of li tons/pile, they had settled 13". But wnen . extensions 
were added two days later the piles were driven with great difficulty. Then a second load 
were adied two days later, the piler were driven with greet daffsoulty. hat a second Tox 
L" at 70 tons/pile. The balance of the bridge piles were made 90 ft. long. Each abutment 


" and moved about 3-1/2" toward the river. Provision had been made in the design 
for these movemenis. 


Another case of temporary liquefaction of fine-grained soil occurred in 1955 at a 

bridge abutment were 30 ft. concrete piles were driven into a fine sand, containing adout 2533 
silt, wnich extended to at least 60 ft. below the footing. Load tests on isolated test piles 

gave less than 1/)" settlement at design load. owever, the rezular production piles drove so 
easily that a load test was made on a "soft" pile three weeks after all were driven at this 
abutment, although a little driving was in progress at the other abutment. The load test 
showed a 1" settlement at design load, and it plunged during the next load increment. Finally, 
another load test was made 8 days later, wnen all piles for the bridge had been driven; settle- 
ment at twice design load was only 3/8". Observed settlement of the abutaent, with embankment 
in place, is less than 1/". 




















Another difficult problem connected with piles arises when one or nore settling 
strata exist at the structure. A frequent example is a recent fill placed on a thick layer of 


soft clay or mud. As the strata settle [they tend to drag down the structure by negative skin 
friction. This drag can be roughly caltflated by assuming active lateral pressure of 
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conse lomers soil against the piles and structure, and by ee the actual shearing strength 
“in thea case of cchesive soils such as Saye) There 1s little doubt of tne presence of this 
drag. At New Haven Harbor, Connecticut, tfi@re are large areas of thick sand fill laid ona 
thick layer of marine mud. One could see cracks in the fill above culvert structures sup= 
ported on piles; these cracks were located directly above the outer edges of the structures. 
These structures, on deep piles, have settled only about 1", even though tne subsequent adja- 
cent fill nas settled several feet. In contrast, an isolated experimental pile was driven, 
to a high formula value, through the fill and mud and penetrated the fine sand below for 2 
few inches; tne pile settled 9", with the fill, in one year. A similar case occurred a few 
years ago near Boston, where a large warehouse was built on piles driven through gravel fill 
overlying peat. At one corner of the building, tae piles barely penetrated through the peat 
and consequently settled 7", which resulted in costly underpinning to repair the damage. In 
an attempt to evaluate this drag, or negative skin friction, on piles we made an extensive 
research project as part of a bridge contract in New Haven in 1955, using Sr- strain gauses 
placed at various depths inside 3 test piles.* Tne results were very useful, as a guide for 
future design. 


Estimating pile lengths is done by the Soils Engineer as part of his recommendations, 
uSing his knowledge of the geology of the site, tne values of the soil and rock and pile- 
driving practice. In Connecticut he makes recommendations during construction to the Con- 
struction Enginser for pile order lengths to be given to the contractor. Tais recommendation 


is based on test piles driven by the contractor, load tests (if any) and his background~of 
investigational work made during design. 


Before leaving the subject of piles, there are two things which snould be mentioned 
regarding the pile specifications in the well-known A.A.S.H.0. book, "Standard Specifications 
for Yighway Bridges" I am familiar only with those parts of the boox that deal witn sol 
and foundations, but { judge it is an excellent manual for bridge design and construction. 
However, its specification on interpretation of safe bearing value of piles from load tests, 
Article 2.3.6(a), is very old and should be overhauled. This specification has been unchanged, 
except for minor phrases, since the first edition of the book in 1931, which is 32 years ago. 
It states that, when the net settlement (after all load has been removed from the test pile 
is not over inch, the allowable bearing value shall be one-half of the maximum load in the 
est. This rule is the most conservative that I have found, after examining the specifica— 


tions of various highway departments and the building codes of some large cities #1 Fig. #5 


is a graph of a typical pile load test in fine sand and shows a comparison of allowable bear 


- ing values from some of these specifications and codes. It should be remembered that a build- 


ing code should be more conservative than a highway bridge specification in this matter, as_a 


building is usually more delicate than a bridge. | o, it would seem that if spread footings 





are aT lowed to setuvle an inch or even several incaes, a footing on piles snould not be re- 


stricted to less than 1/\" settlement, unless the sthiceane is very unusual, 


[Therefore, I believe the A.A.S.H.O. specification should be modernized by changing 
the 1/)" net settlement to read, "1/2" net settlement] like the recently approved Boston 


_ building code, or better, to something like tne New Yorx Clty code whicn states the allowable 
load is the smaller of the following: one-nalf the load when gross settlement is 1" or one- 


iit_ine load causing a net settlement or U.0l" per ton of test load ssa These are shown in 





The other improvement in the A.A.S.H.0. pile specifications which seems desirable 
is in Article 1.4.17 = Case B (1) (da) which deals with end-bearing steel iar Experience 
would indicate that a hig her stress value than 6,000 psi, can be us a with ei 





* "Measurement of Forces Produced in Piles by Settlement of Adjacent Soil", by Gant, Stephens 
& Moulton, Wighway Research Soard Bulletin No. 173. 


ss "Standard Specifications for Highway Bridges", American Association of State Highway 
officials, 1961. 


“Pile Foundations", by R. D. Chellis (second edition, 1961) McGraw-Hill Book Co., has a 
wealth of information on the subject of piles. 


xxi New York City Building Code, Sect. C26-05.2 (1943) 
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design values of 9,000 psi. and even 12,000 psi. in recent years without apparent difficulty. 
load _ tests to twice design value in these cases indicate that gross settlement is nearly 


190% due to elastic shortening of the pile, and net settlement is virtually zero. The Targe- 
scale load tests on H-piles made by tne Armour Research Foundation for tne U. S. Steel Corp. 






_ supply much information on this subject.# 


Group #, - Scour. 





This subject does not normally involve soil mechanics, except that a knowledge of 
soil behavior, as well as hydraulics, is most helpful in studying scour. Past performance 
at the site and elsewhere, revealed by records and recollections of local residents are prob- 


ably the best source of information, when reliable. However, in Connecticut, we have develop- 


ed a Scour Formulax+ for small bridges, of 60 ft. span or less, based on measurements and 
Studies of the pertinent data at many of our bridges during and immediately after the disas- 
trous floods of 1955. Accurate and consistent data at 18 bridges were used, with a Chezy 


formula as the basis of tne analysis. | The formula is not claimed to be precise but wi 
predice dépths of scour with an error only a foot or two, 


Scour is probably the most difficult thing to predict in the field of bridge founda- 


tions. Probably because of its conplexity, there has been little research on this subject 
until the last or 5 years. However, it is an extremely important’ matter and can bring 


disaster to a bridge foundation and the structure 1t supports. There are scores of examples 
of bridges, nearly all without piles, Which were destroyed by scour, chie cohesionless 

soils. 

SS SR 


pe should be mentioned that if sheeting (anchored to the footing) is used to reduce 
scour damage at abutments, lateral earth pressures benind that sheeting should be included in 
the pressures on the abutment structures] 


Grou - Ground fiater and River Water. 


The items under this group are concerned chiefly with questions of rotting of tin- 
ber piles, with need for gravel fill to stabilize a "mushy" footing excavation, and with cof= 
ferdams. | I will elaborate on cofferdams to say that soil mechanics, using a carefully—made 
flow-net “(See Fig. lL), can predict with a fair degree of accuracy wnetner the excavation and 
footing can be made "in the dry" or whether a tremie concrete seal is necessary, | If the 
former can be done, usua a@ gravel fill abou . ick 1s used i1n the analysis and is 
recommended by the Soils Engineer. In general, if the bottom of the footing I 
or less, below river level, the work can be done "in the t if this distance is m 
than 23 ft., a tremie seal should be used. This is assuming sheeting for the cofferdam ex- 


tends about 10 rt. below bottom of footing and the soil is sand. ‘Ynen analyzing the adequacy 


of a cofferdam, submitted by a contractor for approval, wiether or Not it is to be unwatered, 






e; 
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water pressures. ral earth pressures are icult to calculate, as the lateral movements 
{or deformations) of the sheeting, above and below the bottom of excavation, largely deter- 


mine the pressures,} Lateral water pressure when the coffercam is unwatered can be approxi- 
mated from the flow net; the latter shows how the water seeping througn tne soil gradually 
loses head as it travels under the Das Rg up to oo. ne. bottom of excavation. 
LOss OF READ > 
Group #6 -— Effect of Roadway Fill behind na ea 


Too often in the past, the effect of ee approach fad: on the ridge abutment was 






» vhe effect 


Ge are Resa ae witn the situation, 


all nets revalent in the idg x ilti forward a foot or more 
_vecause of larye differential lateral pressures created in soft foundation soils when the 


aporoacn fill was placed. We also have cases of bridges on piles wnicn settled seriously 


# "Evaluation of Steel Beam Piling" (Final Report), Armour Research Foundation of Illinois 
Institute of Technology, Chicago, Illinois. December, 1954. 


x "Report on Investigation of Scour at Bridges Caused by Floods of 1955", by Moulton, Belcher 


and Butler. Highway Research Board Abstracts for September 1957, Vol. 27, No. 8 
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when the approach roadway fill was added. This is due to added load being imposed on the subd- 
structure by the fill and to added compressive stresses in the soft material, causing the 
“4 latter to settle and drag down the piles, as previously described under "Piles", hese cases 
) angé now avoided or minimized by adding an extra span at each end with stub or spill—through 
abutments, or by removing - the compressible material, or by treating it with sand drainage 
wells, or by using an overload of fill with a waiting period, or by using struts, or by a com- 


3 
bination of these. Yn these analyses, estimates of tne Soil behavior, including settlements 


and lateral pressures and deformations, are used by the Soils Rmgineer,. 





A spectacular example of settlements caused by the approach fill occurred some years 
ago at an Eastern city. The abutment piles were driven to a satisfactory formula value in a 
clayey sand overlying a thick layer of soft clay. Settlements were small until the approach 
fill was placed; the fill had caused a settlement of about 21" at the wingwalls and 2" at the 
aod of the abutment when the situation was corrected by underpinning, at a cost of about 
150,000. 


Another example of movements occurred many years ago in Connecticut at a grade sepa-— 
ration structure near a stream. The structure is on H-piles driven to rock. Nevertheless, 
the wingwall nearest the stream moved about 2" laterally and 2" longitudinally. The wingwall 
of a large box culvert in that area also moved several inches. Consequently, when the box 
culvert was extended some years later, a small temporary overload was placed at the new wing= 
walls before building them; this reduced the movement of the wingwalls to 2" after they were 
built. It now appears that a heavier overload would have been desirable to further decrease 
the movement. An obvious remark can be made here that piles driven to refusal will not move 
vertically, but they will move laterally if the soil conditions so dictate. 


When the soil adjacent to piles is resistive to movement, it will provide consider- we 
able lateral resistance to movement of the piles. [Consequently, wnen analyzing the forces se ees z, 
necessary to resist lateral earth pressure against a wall, some of that pressure will be re- a ae 
sisted by the soil in front of tne piles. [A conservative. Working rule is to use 5 tons/pile — 
for H=-piles and }; tons/pile for concrete and timber piles; \ this includes all piles in the ~ 


footing. A series of tests on this subject was made by the U. S. Army Corps of Engineers .++ 
Various footings with various combinations of plumb and batter piles were used; the piles were 
timber, driven 30 ft. in sand. The tests indicate the above rule appears conservative. 
Obviously, more tests are needed to cover different conditions. 


ed 


The benefits to a Yighway Department from the soils work connected with bridge 
foundations are of two types. One type is tangible: savings in cost by avoiding over— 
conservative designs end by avoiding conventional design in exceptionally poor soil areas. 
The other type of benefit from soils work is the less tangible one of savings in time and 
worry during construction, reduction of claims by contractors for delays and reduction of 
costly corrective changes. The Soils Engineer has taken his place in the Highway Department 
organization as a necessary and useful engineer whose special knowledge and experience is 
aiding the Design and Construction Engineers to secure safe and economical structures and 
roadways. 


Attachments: 


Figures #1 through #5 


* "Observed Settlements of Highway Structures Due to Consolidation of Alluvial Clay”, by 
E. S. Barber. Symposium on Consolidation Testing of Soils, Special Tech. Publication 
No. 126, Amer. Soc. for Testing Materials (19$1). = 


"Lateral Load Tests on Groups of Battered and Vertical Piles", by L. B. Feagin. Symposiun 
on Jateral Load Tests on Piles, Spec. Tech. Publication No. 15h, Amer. Soc. for Testing 


Materials (1953). 
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A graphic solution for soil pressure 
under eccentrically loaded footings 


ALBERY W. KNOTT, A.M. ASCE, Assistant Professor of Civil Engineering, University of Colorado, Boulder, Colo. 


A simple graphic solution is availabic 
for finding the theoretical distribution 
of soil pressure under an eccentrically 
loaded rectangular footing. This meth- 
od is based on the graphic solution of 
the problem of locating the centroid of 
a trapezoid whose height and bases 
are known. 

Given the trapezoid shown in Fig. 
1 (a) of height h, and bases @ and 4, 
lay off the lengths a and 6 on their op- 
posite bases, locating the points (1) 
and (2). Draw a line connecting these 
points. 

Next connect the center of each of 
the bases, a and b, with a line (3)-(4), 
as shown in Fig. 1 (5). Point (5), the 
intersection of lines (1)-(2) and (3)- 
(4), is the centroid of the trapezoid. 
The proof of this construction is a sim- 
ple problem in geometry. 

In applying this solution to the prob- 
lem of determining footing pressures, 


- the engineer knows the size of the 


footing and the magnitude and loca- 
tion of the resultant of the applied 
loads. In determining the soil pressure 
distribution, the process is to reverse 


(2)+ — (2) 
a Bes buf. nese : 
i pat od ay Aa) 
rg fa 


a) t 
Tesious Ay *4) 
FIG. 1 (a) FIG. 1 (b) 
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the above graphic solution. Given the 
average ordinate and the location of 
the centroid of the trapezoid, the 
lengths of its bases can be found. 

Dividing the applied load by the 
area of the footing, the average ordi- 
nate, P/A, of the trapezoid is deter- 
mined. Laying this dimension off as 
shown in Fig. 2, a point (1) is estab- 
lished. Through this point the pressure- 
distribution line, which by theory is a 
straight line, must pass. The problem 
that remains is to determine the slope 
of this line. 

To find this slope two trial approxi- 
mations of known centroid will be 
made, and the resulting error plotted. 
The plot will be used to determine the 
point of zero error, thus establishing 
the slope. 

As a first trial the line (0)-(1)-{2), 
shown in Fig. 3 (a), is assumed to 
represent the pressure distribution. 
This produces a triangle whose cen- 
troid is known to be at the third point. 
This third point may be located in the 
same fashion as the centroid of the 
trapezoid in the original solution, or 
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merely measured directly. If the trian- 
gle were the correct distribution, its 
centroid and the load centroid would 
have coincided. However, generally 
they do not coincide, and the error is 
noted in Fig. 3 (a) to be e., to the 
right of the load centroid. This error is 
laid off to the right from point (2), as 
in Fig. 3 (>), establishing a point (3). 

In a similar fashion the second ap- 
proximation is chosen to be (0’)-(1)- 
(4), as shown in Fig. 4 (a). This es- 
tablishes a second error, e,. to the left 
of the load line. Laying this error off 
to the left from point ((”) establishes 
a point (5). shown in Fig. 4 (6). Draw- 
ing the line (3)-(S), a point E is estab- 
lished where line (3)-(5S) crosses line 
(0’)-(2). This point E. where the 
“error” 1s zero, determines the length 
of the right base of the correct pres- 
sure trapezoid. Points E and (1) es- 
tublish the slope of the line, giving the 
final soil pressure distribution to scale. 
The result is shown in Fig. 5. 

A rigorous proof of this solution is 
not presented here as the only varia- 
tion from normal procedure was the 
drawing of the line (3)-(5) to locate 
E. This construction is familiar to 
students of graphic analysis. The va- 
lidity of the construction is evident. 

Two facts are of additional interest. 
If the load centroid is outside the kern, 
the graphic solution will still satisfac- 
torily indicate the tensile stresses pre- 
dicted by statics. Point E, however, 
will not fall between points (0’) and 
(2). Second, the triangles were used 
only because their centroids were eas- 
ily located. It is just as convenient to 
use the P/A line in Fig. 2, with its cen- 
troid at the midpoint of the footing. 
Any approximation is valid. 

My experience in using this graphic 
procedure in practice is that it is rea- 
sonably fast, and often more conven- 
ient than the normal algebraic ap- 
proach. Also, the resulting stress dia- 
gram is in a more usable, understand- 
able form. 
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A graphic solution for soil pressure 
under eccentrically loaded footings 


ALBERY W. KNOTT, A.M. ASCE, Assistant Professor of Civil Engineering, University of Colorado, Boulder, Colo. 


rN simple graphic solution is availabic 
for finding the theoretical distribution 
of soil pressure under an eccentrically 
loaded rectangular footing. This meth- 
od is based on the graphic solution of 
the problem of locating the centroid of 
a trapezoid whose height and bases 
are known. 

Given the trapezoid shown in Fig. 
1 (a) of height h, and bases a and d, 
lay oif the lengths a and 6 on their op- 
posite bases, locating the points (1) 
and (2). Draw a line connecting these 
points. ; 

Next connect the center of each of 
the bases, a and b, with a line (3)-(4), 
as shown in Fig. 1 (5). Point (5), the 
intersection of lines (1)-(2) and (3)- 
(4), is the centroid of the trapezoid. 
The proof of this construction is a sim- 
ple problem in geometry. 

In applying this solution to the prob- 
lem of determining footing pressures, 
- the engineer knows the size of the 
footing and the magnitude and loca- 
tion of the resultant of the applied 
loads. In determining the soil pressure 
distribution, the process is to reverse 
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the above graphic solution. Given the 
average ordinate and the location of 
the centroid of the trapezoid, the 
lengths of its bases can be found. 

Dividing the applied load by the 
area of the footing, the average ordi- 
nate, P/A, of the trapezoid is deter- 
mined. Laying this dimension off as 
shown in Fig. 2, a point (1) is estab- 
lished. Through this point the pressure- 
distribution line, which by theory is a 
straight line, must pass. The problem 
that remains is to determine the slope 
of this line. 

To find this slope two trial approxi- 
mations of known centroid will be 
made, and the resulting error plotted. 
The plot will be used to determine the 
point of zero error, thus establishing 
the slope. 

As a first trial the line (0)-(1)-(2), 
shown in Fig. 3 (a), is assumed to 
represent the pressure distribution. 
This produces a triangle whose cen- 
troid is known to be at the third point. 
This third point may be located in the 
same fashion as the centroid of the 
trapezoid in the original solution, or 
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merely measured directly. If the trian- 
gle were the correct distribution, its 
centroid and the load centroid would 
have coincided. However, generally 
they do not coincide, and the error is 
noted in Fig. 3 (a) to be e,, to the 
right of the load centroid. This error is 
laid off to the right from point (2), as 
in Fig. 3 (>), establishing a point (3). 

In a similar fashion the second ap- 
proximation is chosen to be (0’)-(1)- 
(4), as shown in Fig. 4 (a). This es- 
tablishes a second error, ¢,. to the left 
of the load line. Laying this error off 
to the left from point ((”) establishes 
a point (5). shown in Fig. 4 (6). Draw- 
ing the line (3)-(S), a point E is estab- 
lished where line (3)-(5) crosses line 
(0’)-(2). This point E,. where the 
“error” 1s zero, determines the length 
of the right base of the correct pres- 
sure trapezoid. Points E and (1) es- 
tublish the slope of the line. giving the 
final soil pressure distribution to scale. 
The result is shown in Fig. 5. 

A rigorous proof of this solution is 
het presented here as the only varia- 
tion from normal procedure was the 
drawing of the line (3)-(5) to locate 
E. This construction is familiar to 
students of graphic analysis. The va- 
lidity of the construction is evident. 

Two facts are of additional interest. 
If the load centroid is outside the kern, 
the graphic solution will still satisfac- 
torily indicate the tensile stresses pre- 
dicted by statics. Point E, however, 
will not fall between points (0’) and 
(2). Second, the triangles were used 
only because their centroids were eas- 
ily located. It is just as convenient to 
use the P/A line in Fig. 2, with its cen- 
troid at the midpoint of the footing. 
Any approximation is valid. 

My experience in using this graphic 
procedure in practice is that it is rea- 
sonably fast, and often more conven- 
ient than the normal algebraic ap- 
proach. Also, the resulting stress dia- 
gram is in a more usable, understand- 
able form. 
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PILE FOUNDATIONS 
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| ENGINEERING NEWS- FORMULA 
| P=SAFE PILE LOAD-LBS. 










SAFE PILE LOAD 


E=ENERGY PER BLOW-FT. LBS. 
S=PENETRATION—INCHES PER 


2 6 
BLOWS PER 


FOR SINGLE ACTION HAMMERS E=WH 
W=WEIGHT OF RAM —LBS. 


H = HEIGHT OF FALL- FT. 


FOR DIFFERENTIAL HAMMERS 


E=WH + ENERGY INPARTED TO 
RAM BY THE STEAM 


INCH 
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8 10 


SINGLE ACTING 





CYLINDRICAL PILES [. 7) oo ee 





STANDARD SIZES 
NUMBER 


ae PRESTRESSING CABLES 


While our present output is standardized to the two 
sizes given in the above table, other sizes and wall 
thicknesses, as listed in the table below,’ can be fur- 
nished, provided the project is of sufficient size to war- 
rant the purchase of the special equipment required. 
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Mornent Radius External Cross Section Cross Concrete Approx, 
Size Wall of of Section Surface Wall less Sectional . per lin, Collapsing 3 
0.0. Thickness inertia Gyration | Modulus (sq. ft. per Gross » 4/16" Aree tt. oh re Pressure. 3 
{Ins.) (ins.) (ins.*) (ins.) ins.) lin, ft.) (sq. In.) (sq. In.) - (sq. In.) . (cu. yds.) . (psi) | 
Doansiorod utaes an Beek ne a ws B tA en tnctebe hs BSE Bile cane 0 0 Bases oes ee ia declension’ otal aint Arne tahun soit ete | 
10 141 14.81 52.90 3.49 10.58 2.62 74.17 .0191 190 
.164 17.27 61.34 3.48 12.27 2.62 73.46 :0189 300 
172 18.04 64.10 3.48 12.82 2.62 73,23 -0189 340 
179 18.81 66.60 3.47 13.32 2.62 73.01 ,0188 380 ( 
.188 19.70 69.60 3.47 13.92 2.62 3. A) 79-74 ,0187 440 | 
1219 22.88 80.45 3.45 16.09 2.62 6.730 4.778 71.81 .0185 680 
.250 26.03 91.05 3.45 18.21 2.62 7.658 5.706 70.88 .0182 1000 
10% 1141 15.93 65.95 3.75 12.27 2.81 4.699 2.600 86.06 ,0221 150 
.164 18.59 76.50 3.74 14.23 2.81 5.470 3.371 85.30 .0219 240, 
172 19.42 79.93 3.74 14.87 2.81 5.716 3.617 85.05 ,0219 270 
179 20.24 83.09 3.74 15.44 2.81 5.960 3.861 84.80 0218 310 
.188 21.15 86.81 3.74 16.15 2.81 6.238 4,139 84.52 .0217 350 
.203 22.88 93.39 3.73 17.38 2.81 6.726 4.627 84.04 0216 440 
.219 24.60 100.41 "3.72 18.68 2.81 7.245 5.146 83.52 ,0215 550 | 
.250 28.04 113.74 3.71 21.16 2.81 8.247 6.148 82.52 .0212 820 
e278 31.20 126.85 3.70 23.60 2.81 9.242 7.143 81.52 .0210 1130 | 
12 141 17.81 92.16 4.19 15.36 3.14 5.253 2.908 107,84 .0277 110 
.164 20.78 106.85 4.18 17.81 3.14 6.113 3.768 106.98 .0275 180 
aye ap gy yy 111.72 4.18 18.62 3.14 6.391 4,046 106.71 0274 200 
.179 22.60 116.12 4.18 19.35 3.14 6.659 4.314 106.44 .0274 220 
188 23.72 121.38 4.18 20.23 3.14 6.976 4.631 106.12  .0273 260 
.203 25.57 130.78 4.17 21.80 3.14 7.529 5.184 105.57. —-«.0272 320 
219 27.56 140.52 4.17 23.42 3.14 8.105 5.760 105.00 0270 400. 
.250 31.37 159.36 4.16 26.56 3.14 9.228 6.883 103.87.  ° .0267 590 
281 35.17 177.90 414 29.65 3.14 10.345 8.000 102.75 0264 830 
312 38.95 195.78 4.13 32.63 3.14 11.456 9.111 101.64 .0261 1110 
12% 141 18.94 ‘ 110.73 4.46 17.37 3.34 5.585 3.093 122.09 .0314 95 . 
164 22.10 128.49 4.45 20.15 3.34 6.500 4.009 121.18 ,0312 150 
172 23.09 134.39 ° 445. 21.08 3.34 6.797 4.305 120.88 0311 170 
179 24.07 139.64 4.44 21.91 3.34 7.081 . 4.589 120.60 - .0310 190 | 
.188 25.16 146.05 4A4 22.91 3.34 7.419 4,927 120.26 .0309 220 
~ .203 27.20 157.34 4.44 24.68 3.34 8.008 5.516 119.67. . .0308 270 | 
}) .219 29.28 169.13 4.43 26.53 3.34 8.621 6.129 ° 119.06 .0306 340 
250 - 33.38 191.82- 4.42 30.09 3.34 9.818 7.326 117.86 .0303 500 
281 37.45 218 267" 4a 33.61 3.34 11.008 8.516 116.67 .0300 700 
1312 41.51 236.26 4.40 37.06 3.34 12.191 ° 9.699 115.49 .0297 950 | 
14 141 20.82 147.00 4.90 21.00 3.67 6.139 3.402 147.80 .0380 75 | 
164 24.29 170.72 4.89 24.39 3.67 7.146 4.409 146.79. 0378 110 
172 25.38 "178.50 4.89 25.50 3.67 7.472 4.735 146.47 .0377 130 
179 26.47 189.40 4.89 27.06 3.67 7.785 5.048 146.15 .0376 140 | 
.188 27.66 194.04 4.88 27.72 3.67 8.158 5.421 145.78 .0375 160 
.219 32.20 224.84 4.87 32.13 3.67 9,482 6.745 144.46 .0372 260 | 
.250 36.71 255.36 4,86 36.48 3.67 10.799 8.062 143.14 .0868 380 
281 41.21 . 283.08 4.85 40.44 3.67 12.111 9.374 141.83 .0365 530 
312 45.68 314.86 4.84 44.98 3.67 13.417 10.680 140.52 .0362 720 
16 1172 29.06 267.68 5.596 33.46 4.19 8.553 5.423 192.51 .0495 90 : 
179 30.30 278.37 5.594 34.80 4.19 8.912 5.782 192.15 £0494 - 100 
1188 31.66 291.12 5.591 36.39 4.19 9.339 6.210 191.72 .0493 110 
.219 36.87 337.76 5.580 42.22 4.19 10.858 7.728 190.20 .0489 170 
.250 . 42,05 383.68 5.569 47.96 4.19 12.370 9.240 188.69 0485 260 
281 47.22 429.12 5.558 53.64 | 4.19 13.877 10.748 © 187.19 0482 - 360 
312 52.36 473.92 5.548 59.24 4.19 15.377 12.247 . 185.69 .0477 490 
375 62.58 562.08 5.526 70.26 4.19 18.408 15.278 182.65 .0470 830 
18 .219 41.54 483.03 6.287 53.67 4.71 12.234 8.711 242.24 ,0630 120 
.250 47.39 549.09 6.276 ° 61.01 471 13.941 10.418. ° 240.53 .0619 180 
.281 53.22 614.52 6.266 68.28 4.71 15.642 12.119 238.83 .0614 260 | 
312 59.03 679.23 6.255 75.47 4.71 17.337 13.814 237.13 . 0610 350 | 
1375 70.59 806.58 6.233 89.62 4.71 20.764 17.241 233.71 .0601 590 | 
20 .250 52.73 756.50 6.983 75.65 5.24 15.512 11.596 298.65 .0768 130 
281 59.23 847.10 6.972 84,71 5.24 17.408 13.492 296.75 .0763 190 
312 65.71 936.70 6.962 93.67 5.24 19.298 15.382 294.86 .0758 260 | 
375 78.60 1113.50 6.940 111.35 5.24 23.120 19.204 291.04 .0749 440 
24 .250 63.41 1315.44 8.397 109,62 6.28 18.653 13.952 433.74 1115 80 ) 
28) 71.25 1474.20 8.386 122.85 6.28 20.939 16.238 43145 | .1110 110 
312 79.06 1631.52 8.376 135.96 6.28 23.218 18.517 429.17 .1104 150 
375 94.62 1942.44 8.354 161.87 6.28 27.833 23.132 424.56 .1092 260 | 
.500 125.49 2549.64 8.310 212.47 6.28 36.914 32.213 415.48 .1069 590 | 
20 1312 99.08 3211.80 30.497 214.12 7.85 29.100 23.220 677.60 1743 80 
375 118.65 3829.95 10.475 255.33 7.85 34.901 29.021 672.00 .1728 130 
500 157.53 5043.00 10.431 336.20 7.85 46.339 40.459 660.52 .1699 310 
ye 312 119.11 5578.02 12.618 309.89 9.42 34.981 27.923 982.90 .2528 60 
3 375 142.68 6658.74 12.596 369.93 9.42 41.970 34,912 975.91 .2510 B80 | 
500 189,57 8785.98 12.552 488.11 9.42 55.763 48.705 962.12 2475 180 


*Sizes listed here are standard. However, the Armco manufacturing process permits the making of other diameters from 6” to 36”, and many other wall thicknesses. 
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JET PIPE DOVELED SPLICE 
DETAILS 


NOTES: 








f reinforcing steel shall Ibe 1-1,/2% of the gross cross-section of con 
bors shall be ina symmetvicc! pattern of not less than four bors, 





t of pile to build-up may be by any of the methods given in the notes 
eads. If mild reinforcing stcel is used for atfachment, the area shall 
used in the build-up. ‘ 


half of pile shall be bush-hammered to prevent feather edges.- 








or form may be rounded, flat or tapered with praper taping to prevent 





PECKING COCINTS 
NOTE 


Unless special lifting devices are attached for pick- 
up, pick-up points sholl be plainly marked on cll piles 
after removal of the forms ond all! lifting shalt be done 
ot these: points. 
















The use of special embedded or ottached lifting de 
vices, the employment of other pick-up points or any other 
method of pick-up shall be subject to approval by the 
Engineer. 
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D PRESTRESSED CONCRETE PILES 
°12°,14",16",18",20",22"&24" 
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Area af Steel In —- 
Cross Section 








Area ; z a %, os Gg 
Mornent Radlus External Concrete . Approx, -— | 
Wall of of Section Surface Wall less Sectional . per lin... Collapsing - 
Thickness inertia Gyration |} Modulus (sq. ft. per Gross » 4/16” Area - tt. ore my Pressure 
(ins.) (ins.4) {ins.) {ins.*) Jin, ft.) (sq. in.) (sq. in.) (sq. In.) | (cu. yds.) | (pst) 
F) 7 : 2 3% < > tA , * 
ket bie: wreed alae’ SB cine ene we eet os B a eA erected ses Bt io tes ne Bato canes! a ena SeacbtSin to sth ossthiaiblialaitan maDaBndtacent a See ee nt bai wants tis! Bane Sole siti tithe ental be 
10 141 52.90 3.49 10.58 2.62 4,367 2.415 74.17 0191 190 
.164 61.34 3.48 12.27 2.62 5.080 3.128 73.46 0189 300 
.172 64.10 3.48 12.82 2.62 5.311 3.359 73.23 0189 340 
179 66.60 3.47 13.32 2.62 5.532 3.580 | 73.01 0188 380 | 
.188 69.60 3.47 13.92 2.62 5.798 3.843 |= 72.74 0187 440 | 
.219 80.45 3.45 16.09 2.62 6.730 4.778 71.81 0185 680 
.250 91.05 3.45 18.21 2.62 7.658 5.706 70.88 0182 1000 
10% .141 65.95 3.75 12,27 2.81 4,699 2.600 86.06 0221 150 
164 76.50 3.74 14.23 2.81 5.470 3.371 85.30 0219 240%) . | 
.172 79.93 3.74 14.87 2.81 5.716 3.617 85.05 0219 270 
.179 83.09 3.74 15.44 2.81 5.960 3.861 84.80 0218 310 | 
.188 86.81 3.74 16.15 2.81 6.238 4,139 - 84.52 — .0217 350 
.203 93.39 3.73 17.38 2.81 6.726 4.627 — 84.04 0216; - 440 
.219 100.41 ' 3:72 18.68 2.81 7.245 5.146 83.52 0215 550 | 
.250 113.74 3.71 21.16 2.81 8.247 6.148 82.52 0212 820 
a Nee 126.85 3.70 23.60 2.81 9.242 7.143 - 81,52 .0210 1130 . 
12 141 92.16 4.19 15.36 3.14 5.253 2.908 107,84 0277 110 
164 106.85 4.18 17.81 3.14 6.113 3.768 106.98 .0275 180 
os a 4 111.72 4.18 18.62 3.14 6.391 4.046 106.71 0274 200 | 
.179 116.12 4.18 19.35 3.14 6.659 4.314 106.44 0274 220 : 
.188 121.38 4.18 20.23 3.14 6.976 4.631 106.12 .0273 260 | 
.203 130.78 4.17 21.80 3.14 7.529 5.184 105.57 ; 272 320 
.219 140.52 4.17 23.42 3.14 8.105 5.760 105.00 0270 ~ 400. 
.250 159.36 416 26.56 3.14 9.228 6.883 103.87. © .0267 590 
.281 177.90 4.14 29.65 3.14 10.345 8.000 102.75 0264 | 830 
RO, 195.78 4.13 32.63 3.14 11.456 9.111 101.64 0261 1110 
12% 141 110.73 4.46 17.37 3.34 5.585 3.093 122.09 .0314 95 . 
164 128.49 4.45 20.15 3.34 6.500 4.009 121.18 0312 150 
172 134.39 ° 445 . 21.08 3.34 6.797 4.305 120.88 .0311 170 
.179 139.64 4.44 21.91 3.34 7.081 4.589 120.60 - .0310 190 
.188 146.05 4.44 22.91 3.34 7.419 4,927 120.26 .0309 220 
™ 203 157.34 4.44 24.68 3.34 8.008 5.516 119.67. . .0308 270 
) 219 169.13 4.43 26.53 3.34 8.621 6.129 * 119.06 .0306 340 
.250 191.82 4.42 30.09 3.34 9.818 7.326 117.86 .0303 500 
.281 214.26 — 4.41 33.61 3.34 11.008 8.516 116.67 .0300 700 
312 236.26 4.40 37.06 3.34 12.191 9.699 115.49 0297 950 
14 141 147.00 4.90 21.00 3.67 6.139 3.402 147.80 .0380 75 
164 170.72 4.89 24.39 3.67 7.146 4.409 146.79 .  .0378 110 
172 178.50 4.89 25.50 3.67 7.472 4,735 146.47 .0377 130 
.179 189.40 4,89 27.06 3.67 7.785 5.048 146.15 - 0376 140 
188 194.04 4.88 27.72 3.67 8.158 5.421 145.78 0375 160 
.219 224.84 4.87 32.13 3.67 9.482 6.745 144.46 0372 260 
.250 255.36 4.86 36.48 3.67 10.799 8.062 143.14 0868 380 
281 283.08 4.85 40.44 3.67 12.111 9.374 141.83 0365 530 
312 314.86 4,84 44.98 3.67 13.417 10.680 140.52 0362 720 
16 172 267.68 5.596 33.46 4.19 8.553 5.423 192.51 0495 90 
179 278.37 5.594 34.80 4.19 8.912 5.782 192.15 0494 - 100 
183 291.12 5.591 36.39 4.19 9.339 6.210 191.72 0493 110 
.219 337.76 5.580 42.22 4.19 10.858 7.728 190.20 0489 170 
.250 383.68 5.569 47.96 — 4.19 12.370 9.240 188.69 0485 260 
.281 429.12 5.558 53.64 4.19 13.877 10.748 ~ 187.19 0482 * 360 
312 473.92 5.548 59.24 4.19 15.377 12.247. | 185.69 0477 490 
375 562.08 5.526 70.26 4.19 18.408 15.278 182.65 .0470 830 
18 .219 41.54 483.03 6.287 53.67 4.71 12.234 ii): 242.24 .0630 120 
.250 47.39 549.09 6.276 61.01 4.71 13.941 10.418. = 240.53 0619 180 
.281 53.22 614.52 6.266 68.28 4.71 15.642 12.119 238.83 0614 260 
312 59.03 679.23 6.255 75.47 4.71 17.337 13.814 237.13 . 0610 350 
1375 70.59 806.58 6.233 89.62 4.71 20.764 17.241 233.71 0601 590 
20 .250 52.73 756.50 6.983 75.65 5.24 15.512 11.596 298.65 .0768 130 
.281 59.23 847.10 6.972 84.71 5.24 17.408 13.492 296.75 .0763 190 
312 65.71 936.70 6.962 93.67 5.24 19.298 15.382 294.86 .0758 260 
375 78.60 1113.50 6.940 111.35 5.24 23.120 19.204 291.04 .0749 440 
24 .250 63.41 1315.44 8.397 109,62 6.28 18.653 13.952 433.74 1115 80 
.281 71.25 1474.20 8.386 122.85 6.28 20.939 16.238 431.45 | .1110 110° 
.312 79.06 1631.52 8.376 135.96 6.28 23.218 18.517 429.17 1104 150 
375 94.62 1942.44 8.354 161.87 6.28 27.833 23.132 424.56 1092 260 
.500 125.49 2549.64 8.310 212.47 6.28 36.914 32.213 415.48 -1069 530 
30 312 99.08 3211.80 30.497 214.12 7.85 29.100 23.220 677.60 1743 80 
375 118.65 3829.95 10.475 255.33 7.385 34.901 29.021 672.00 1728 130 
.500 157.53 5043.00 10.431 336.20 7.85 46.339 40.459 660.52 1699 310 
| 
36 312 119.11 5578.02 12.618 309.89 9.42 33.981 27.923 982.90 .2528 60 
375 142.68 6658.74 12.596 369.93 9.42 41.970 34,912 975.91 2510 80 
500 189.57 8785.98 12.552 488.11 9.42 


55.763 48.705 962.12 2475 180 


*Sizes listed here are standard. However, the Armco manufacturing process permits the making of other diameters from 6” to 36”, and many other wall thicknesses. | 
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7——— NOTE: FGR METHOD OF ATTACHMENT OF PILE HEAD TO FOOTING OR CAP, SEE WOTES 
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| &, & Waris AL el Ba ee | i aN i H ke is sy ey eo a be no less then that used in the build-up. 
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f v7 a Reinforcement may be specified to project from the pile into the cap or Note D: Conical end fitting or form may 5e rounded, flat or tapered with praper taping to prevent 
footing. If so required, attochment of the pile to the cop or footing may be leakage. 
C4 sg made by any one of the following methods unless otherwise specified: 
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ALTERNATE PILE TIPS 


JOINT COMMITTEE 


q NOTES: When driving into rock or hard strata, either Type | or Type II alternate AMERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS 
{For both squore ond octagonal piles) tips may be used in lieu of the stondord flat tip. Size ond length of steel COMMITTEE ON BRIDGES & STRUCTURES 
section used shall be os determined by Engineer for adequate penetration. AND 
PRESTRESSED CONCRETE INSTITUTE 


(1) Voids in 20’, 22’’ ond 24 diameter hollow-core (HC) piles are 11'', 13’ ond Type | or Type Il tips moy be used for either square or octagonal piles. 
15"’ diometer, respectively, providing o minimum 4-1/2'’ well thickness. If a 
greater wall thickness is desired, properties should be increased accordingly. 

a (2) Weights besed on 150 Ib, per cubic foot of regular concrete. 

(3) Minimum prestress force based on unit prestress of 700 psi ofter losses. 

(4) Bosed on 7/16" and 1/2'' high strength strand with on ultimote strength of 
31,000 Ibs) ond 41,300 Ibs respectively. If regular strength strand is used, 


STANDARD PRESTRESSED CONCRETE PILES 
Site ata ede 10",12"'.14",16",18",20" 22"&24" 
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7 the number of stronds per pile should be increased accordingly in conformance \A 
with strond strond monufacturer’s tabies. v Se ler 
(5) Design bearing copacity bosed on 5000 psi ond 6000 psi concrete ond an al- | SECTION ® FOR AASHO 
lowoble unit stress on the tip of the pile of .2 f'cAc. These beoring capacity 
values moy be increcsed if higher strength concrete is used. 7B 
_ ; (6) Circulor piles of the somo diometer may be used in lieu of octagonal subject y - — I" THICK PLATE 
to Engineer's opproval, T Ley eee 
| wang BA dat SHEET 1 OF 3 








a ce ce ee a SE eS eo erpeenes ik Sag ass 





. 
t 
4 
* 
. 
np. 
At) 
’ 
‘ 
7 
‘ 
mq 
; 
% 
a 
\ 
5 , 
7 - ™ 
* - + 
sy ive 
4 m 
' 
> ) 
; Samay ? 
a” 7 
i a 
| ae 
é x , 
‘ > 


> ‘ke = 
Soe “4 
Rk AEA eco 
JZ i ne te 
inn Mophes - 
‘ ag 7 Ent ie 


% 

LA 

ryiets 
+ Pega Al vt os mh egut~e 

} + 





ee gear, tek on 
aaa toe rasp ream ts Let 


























“4 i § + 
é . >" 
Ni * . ‘ 
aot oh a eas cee ae 
‘ sé. oo ay me Pad} “hs 
cee Nba eh shes 
iat! 45 
eg Se | ee a re 
fs ae ‘ as & 
‘ Ss neet cna nt ae 
A i oa - 
Seda ot : Lt en Pia 
ae eT ‘ . a, r 
i ee “) F 
ab “ .: a an de. Pr x ay 
an ee + Ge cigh Sh ae ‘oll 
. 4 i a _ i ees ame 
Tord ree See a 
: * ; oy] he 
++ : ; °> war ey 
ot : z 
/ ‘Ee 5 > p* as *" % 
ioe om J . SF i= 
ae a i ee 
a ete Ce ty By ae 
‘ = poll ee Fi oe 
r < sh 
w, i 7 = 
wee . wae 
y ee nS Je 
6 os oat a ey jay 
’ . ‘ tae ‘s 
4 z yt oe é f 44 
bol ; or ae - hehe ne 
“ Py hs 
€ . vr ay Sy ey Wie hs 
~~ s ‘ a? ® 
‘ + A+ Si i ae 
> rome b omy 
a € 54 
oe Fy om 
4 A, j m CF 
, 4 
t 
a « 
- jo Sah OK 
Pas a 
. a 
t * 
ars x wad > 
; j 
: = 
our ss : 
cs 
Nap ae 
~ 
; m 
é 
ree Dn 
“ a i “> ” ~~ # 
¥ of -” 7 * 
- — - * 
. ‘ 
‘ 
$ 
’ » 
ge? ‘ eth 
’ , + % ? Py yea id > write 
- hen ye =e oe oie aden diame dL atie> 5,7 
i . fs ye : 4 
PS tH 44 ‘ mt hems ‘ 
: 
> air 1G. ' . 
- 
2 4 : 
’ 4 
; 
he 
At 
ee , ta 
ate 
a mee? r ¢ yay 
! ae Pee a 
: ae 
6 is > f Py 
a Mf 
rare F 
: My nei “¥ Me 
¢ bers oa 
ee iy : or te qe ed ph 
5 
e 


al iil Oy dl 
r¢ i shies & RY angitety ss 9 ted ‘kK ¥ os os % ee shee" bp ie 
‘ ‘ ek wage tk , oy dee 
* a eine bn % 5 aN ‘va a 


ete ony i 





de; 
rig mete a 


ha we ap a 
as ee 10s" eat; 








a a e hase srhons. eit mee 
a 


AD TO FOOTING OR CaP, 
PICAL ALL PILE MEADS 





SBoveUNe GAaNaHNEnow 












“6N Nd U2iN3B9 40229 AXOGD &ad 
WO/ONY STIVM NOIBNDIXD WI 23S B13M00 ‘ON Id YZLN39 @ w” 
Blid MI 18VD 0.0ay BO/ONY VIVA 341d 40 NOIL938 ae od 
Sv @13M00 12318 Gin ¥3MO1 NI LS¥D 613M00 NOs S310H od < 
: a. Y 
Sas ewee fee ee moe. ify) ce 
SS w 
H a i= 
— fo) 2 
poste Fy) se 
yaaa fer bey ee Fe L of Ae pe eee z3 5 
(Rae waneons peer ree trees yr Tea wd e re ow § Om 3 
ae Cee Cee err? A u. m 5 = 8 ec 4 wrt = 
cc - ae 4 ’ 
. oO {ate E W- cd mY ag - 
a a See ig a 2 soos 
4 pa | bt 
NOISNZLX2 0.03u sv g.603yu Sv Cc = = o sa 3 2°82y 
Dd 035$301S3ue 3d NBAINO a of 2 @ oxz<9 
NAMONG LON Iwulds Ss ~e= z eke v 
—- = eo ¢ — Zz Qo 
ge - og S ZOz Bp 
aa zz EF — 2Eo 4 
23 eel ee oo <u 
o = uv ow Y 
Sa spice 2 A= 
.8, 3L0N 33S Sy > ee on a, ae “a 
22, 310N 335 ao vi a 
wv, 310N 33S a Le ba tat _ s% & 
ay GS mH = 28 
a= o oO =) =) o <_< 
a> Ww %= = fe = = 
i wi ee y Bee « i 
eS Ob on ee 2 
jQ a pe we 2 2 a 
—_ fe) — a be o = — 
———Sie= a= “ Fd as , oT = Ss ° 
Q “28 G O= © = 
2 —~Be Ste 8 
oes Pe ey Epa ne eae a 
A | a er a ee EE es ee ee tec oce Ghee = 
HOlld av! HOLid 24 | HOlid.S Iv HOlId 2 1¥ O3SS381S324d ot US LE 2 
tiated = oO Yo = 

























PRESTRESSED CONCRETE CYLINDER PILES 
36"'-48"-54" 
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NOTE FOR METHOD OF ATTACHMENT OF PILE HEAD TO FOOTING OR CaP, 
SEE NOTES ON ALTERNATE PILE HEADS TYPICAL ALL PILE MEADS. 
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NOTES 


i P 2 L E (? ee Oo P & te Ti E S Note A: The minimum area of reinforcing steel shall be 1-1/2% of the gross 


cross-section of concrete. Placement of bars shall be in a symmetrical 
pattern of not less than eight bars. 









Note B: Method of attachment of pile to build-up may be by ony of the methods 














































































Approx. | Minimum | Strands Per Pile Design Bearing Capacity 
Weight | Prestress Diometer | Section Concrete Strength 4 given in the notes on Alternate Pile Heads. If mild reinforcing steel is 
| Per /f (1) | Force (2)! 7/16" (3) 1/2" _!_ _! Modulus Perimeter! 5000 psi__(4) 6000 psi used for attachment, the area shall be no less than that used in the 
in. | 508 4\4kips | 24 18 | 60,000 in*: 3334 ts3 , VW3in. | 242 tons 292 tons ; build-up. 
55 a 21 | 66,100 ” 76 eh Sil zee er 3m 
| a? ain xe a 2 a 1758200 7 af ae 15)” 37. 405.” Note C: Concrete around top half of pile shall be bush-hammered to prevent 
| 626". 674 | 39 29-1178, 100. 7a22 ASL | 06 eS feather edges. 
| 54; 38 28 1233, 400 "8645 at PES ERY 462 5s, 
i 33 [264,600 "9802" | 170” | 452_" 542" 
™ AF rae 
ALTERNATE PILE HEADS 
NOTES Reinforcement may be specified to project from the pile into 
(1). Weights are based on 150 Ibs. per cubic foot of regular concrete. the cop or footing. If so required, attachment of the pile to the cap 
| & : or footing may be made by any one of the following methods, un- 
(2). Minimum prestress force based on unit prestress of 850 psi ofter losses. less otherwise specified: NoINT CombaTTIEE 
a Seis } - 1, Allow all strands to project o minimum of 24’’. AMERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS 
(3). Bosed on 7/16" ond 1/2”! high strength strand with on ultimate strength of 31,000 2 ¢ Pee ae ie i £ oil COMMITTEE ON BRIDGES & STRUCTURES 
Ibs. and 41,300 Ibs. respectively. If regulor strength strand is used, the number + DASt IMU CHreIOOrcingh steel) tn) Plug: poured 1 tOp OF pile AND 
of strands per pile should be increased accordingly in conformance with strand head, ofter driving, with bors projecting for anchorage. ett haa ted ca abl aes el 
i monufactcrer’s tables, 3. If pile is driven with a plug in pile head, cored holes may ae 
be provided in plug for subsequent use of grouted dowel PRESTRESSED CONCRETE CYLINDER PILES 
(4). Design bearing copacity based on 5090 psi and 6000 psi concrete ond on allow. bors. 36"-48"-54" 
oble unit stress on the tip of the pile of .2f’cAc. These beoring capacity values Plug in pile heod may be cast in place or precost. If precast, _ i 
may be increased if higher strength concrete is used, plug sholl be adequately bonded to inner wall of gile by an epoxy, SUBMITTED BY 







@ non-shrink grout or other meons occeptable to the Engineer. 
Depth of plug in pile heod shall not be less than the outside dia- 
meter of the pile. 


ae 
If mild reinforcing steel is used for projection into the cap or Las): 

footing, the minimum oreo of steel required shall be 1-1/2% of the 

gross cross section of concrete with not less than eight bars being 

used. Arrangement of bors shall be in o symmetrical pattern with 

bors os close as practical to the sides of the pile, Anchorage of LA 

bors shall be sufficient to develop strength of bar, but not less 

thon 20 bor diameters. 
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PILE CAPACITIES AND LOADING 


(a) Loads on Piles as Columns — The maximum compressive stress on prestressed 
concrete piles in excess of the effective prestress shall not exceed the following: 

fpc = 1000 for L.D = 0 to 12 

fpe = 1240 — 20 L/D for L/D = 12 to 25 

where L = effective length of pile 

D = diameter or width of pile 
fpe = allowable unit compressive stress in psi 
exclusive of effective prestress, 

For piles considered hinged at both ends, **L’? shall be token as the actual 
length of pile. For piles considered hinged at one end and fully fixed at the other 
end, ‘‘L’’ shall be taken as 0.7 of the length between hinge and assumed location 
of fixity. For piles considered fully fixed at both ends, ‘’L’® shall be considered 
as 0.5 of the length between the two assumed fixed ends. When pile is designed 
as a cantilever, ‘’L"’ shall be considered as 2 times the length of the cantilever. 

Where it is necessary to use piles with on L/D greater thon 25, they shall 
be thoroughly investigated for elastic stability using recognized formuloe and 
applying a minimum factor of safety of two. 

The above factor shall apply either for direct axial load or combination of 
axial load and bending. Where bending stresses occur, the maximum allowable 
tensile stress in concrete shall not exceed 250 psi.. 

The above factors are based upon a design concrete strength (f'c) of 5000 
psi. For any higher values, these stresses may be increased in direct proportion 
to design concrete strengths. 

If an effective prestress in excess of 0.2 f’c is used, the stresses as per- 
mitted above shall be reduced accordingly. 

(b) Capacity in End Bearing of Prestressed Concrete Piles — The capacity of 
prestressed concrete piles in end bearing shall not exceed 0.2 fc. 

(c) Capacity of Prestressed Concrete Piles as Friction Piles — The capacity of 
prestressed concrete piles shall preferably be determined by looding tests. The 
capacity shall be limited to the lesser of either (a) above or the safe capacity 
resulting from test loading. 


JOINT COMMITTEE 
AMERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS 
COMMITTEE ON andra & STRUCTURES 
N 


; Al 
PRESTRESSED CONCRETE INSTITUTE 


GENERAL NOTES 


PRESTRESSED CONCRETE PILES 
UBMITTED BY 


FOR AASHO 


FOR PC 











SS ——— oe =e nn er | eee ee ———— EE nll EEE EET ———S —— a as i oa 


r 


i. 


., —* 


aiid, alee 


a) 


si ne es ee eet enc ttn tit tt I i ath «ptm lettin ntti cet dete ih ciltinialtncas thee t 


GENERAL NOTES 


PURPOSE: These stondards have been revised to show the latest developments 
in materials and uses of prestressed concrete piles. In addition to square and 
octagonal piles, details for pretensioned cylinder piles hove been added to these 
standards. 

Any other shape of pretensioned concrete piles, or post-tensioned cylinder 
piles, with similar properties, may be used subject to approval of the Engineer. 





SPECIFICATIONS: AASHO Standard Specifications for Highway Bridges, current 
edition, : 


CONCRETE: Concrete in the precast prestressed piles and build-ups with driving 
shall have a minimum compressive cylinder strength (f'c) of 5000 psi at 28 days. 
Concrete in build-ups without driving shall have a minimum compressive cylinder 
strength (f'c) of 3000 psi. Compressive cylinder strength ot transfer of prestres- 
sing force shall be not less than 4000 psi. 

Higher concrete strengths mcy be used and advantage may be taken of such 
greater strength for handling and driving stresses and column loading, subject 
to approval of Engineer. 

Air entrained concrete is recommended for use in piles which will be subject- 
ed to cycles of freezing and thawing ond wetting and drying. 


PRESTRESSING REINFORCEMENT: Seven wire stress relieved strand shall 
conform to the general requirements of ASTM Designation A416, and may be either 
regular or high strength, in accordance with strand manufacturer's published tae 
bles. Subject to the approval of the Engincer, prestressing may be increased as 
required for handling or driving by increasing the number or size of strands. In 
generol the unit prestress after losses should not exceed 0.2 f'c, unless special 
conditions worrent and oppropricte adjustment is made in allowable pile capacity. 
Broken wires within individual stronds will be permitted up to 2% of the total 
number of wires in each pile, providing that there is not more than one broken 
wire per strand, Two or more broken wires per strand will be cause for replace- 
ment of the strand, even though the two broken wires are within the 2% limito- 
tion. 


BUILD-UPS & SPLICES: Build-ups, precast or casteinsplace, may be used if 
specified or authorized by the Engineer. Two prestressed pile sections may be 


_ spliced by the use of dowels extending from the tip of the upper prestressed 


section into cored or drilled holes in the lower prestressed section. For hollow 
core or cylinder piles, this splice connection may be made in the walls of the 
pile or in a solid plug ot the head and tip of the spliced sections. The dowels 
shell hove an crea equal to 1-1/2% of the gross crossesection of pile and shall 
be adequotely bonded into hoth sections. The dowel. holes and spoce between 
spliced sections sholl be filled with o material having properties fully equal to 
that of the concrete and adhesive strength equal to the sheor ond tensile strength 
of the concrete. Such properties shall be obtained within a time limit consistent 
with the driving requirements of the pile. 

Any alternate method of splicing providing equal results may be considered 
for approval, : 


CHAMFERS AND CORNERS: All corners of squore piles shall be chamfered to 
ot leost 3/4" of rounded to approximately 1°’ radius. 


FORMS: For forming the exterior of piles, the use of steel forms on concrete 
founded casting beds is required, unless otherwise approved by the Engineer. 
Side forms for square and octagonal piles, may have a maximum draft on each 
side not exceeding 1/4" per foot. 

For For forming the interior of piles with hollow cores, forms shall be constructed 
of an approved material which will not deform or break during prestressing op- 
erations. If a moving mandrel is used for forming the inner void, special pre- 
coutions shall be taken to prevent fallout of inner surfaces, tensile cracks and 
separation of concrete from strands. 





PICK-UP_AND HANDLING: Maximum lengths for pick-up ore determined using 
the following stress assumptions. 

Loading: 1-1/2 times full dead locd, Allowable tensile stress equals 6.0/F'c. 
These stress and loading criteria ore based on normal core in handling the pile. 
If handling is such that damage to the pile becomes evident, the Engineer may 
require a higher load factor or lower cllowoble stress as necessary to insure no 
damage to piles. 


DRIVING: Pile heads shall be protected from direct impact of the hommer by 
cushion blocks consisting of several plies of soft compressible wood or other 
approved material. 

Jetting will be permitted and ‘or required when necessary to obtain the re- 
quired penetration. Internal jets may be installed provided they are securely on- 
chored to the pile and are imbedded in the concrete. 

The driving head (helmet) shall te sufficiently large and shallow so as not 
to bind the head of the pile if it twists slightly during driving. Hollow piles which 
are open-ended ot the tip shall have vents to relieve internc! hydraulic pressure. 


TOLERANCES: Voids, when used, shal! be locoted within 1/2°' of position 
shown on plans. 

Pile ends shall be plone surfoces and perpendicular to axis of pile with a 
maximum tolerance of 1/8” per foot:transversely. 

The maximum sweep.(deviation from straightness measured along two per- 
pendiculor foces of the pile, while not subject to bending forces) shali not exceed 
1/8" in any 10° of its.length. 


GENERAL: When piles are ordered in accordance with this standard plan, the 
standard pile details shall be used. Alternate pile heads, pile tips, splices, build- 
ups or other alternates shal! be used only if specified or authorized by the En- 
gineer. 


Where specific methods ore indicated for achieving o result, other methods . 


which will insure equol results moy te considered for approval by the Engineer. 

Small areas of honeycomb which cre purely surfoce in nature extending to a 
depth of no more thon one inch may be repoired in a manner satisfactory to the 
Engineer. Honeycomb extending to the plane of reinforcing will be couse for re- 
jection. 

For locations where severe freezing is likely, cylinder piles that would other 
wise have water within the shells shall be filled. The filling in that portion of their 
height subject to freezing sholl be of sound concrete. Special care shall be taken 
to insure the soundness and uniformity of the concrete ond to eliminate all pockets 
or voids where segregation or lack of density in the concrete would permit the for- 
mation of pockets of free woter. 
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PILE CAPACITIES AND LOADING 


(c) Loads on Piles os Columns — The maximum compressive stress on prestressed 
concrete piles in excess of the effective prestress shall not exceed the following: 

fpc = 1000 for L.D = 0 to 12 

fpe = 1240 - 20 L/D for L/D = 12 to 25 

where L = effective length of pile 

D = diameter or width of pile 
fpc = allowable unit compressive stress in psi 
exclusive of effective prestress. 

For piles considered hinged at both ends, ‘*L’’ shall be taken os the actual 
length of pile. For piles considered hinged at one end and fully fixed at the other 
end, ‘‘L’’ shall be taken as 0.7 of the length between hinge and assumed location 
of fixity. For piles considered fully fixed at both ends, *"L’" shall be considered 
as 0.5 of the length between the two assumed fixed ends. When pile is designed 
as a cantilever, “"L’’ shal! be considered as 2 times the length of the cantilever. 

Where it is necessary to use piles with on L/D greater than 25, they shall 
be thoroughly investigated for elastic stability using recognized formuloe and 
applying a minimum factor of safety of two. 

The above factor shall apply either for direct axial load or combination of 
axial load and bending. Where bending stresses occur, the maximum allowable 
tensile stress in concrete shall not exceed 250 psi. 

The above factors are based upon a design concrete strength (f'c) of 5000 
psi. For ony higher values, these stresses may be increased in direct proportion 
to design concrete strengths. 

If an effective prestress in excess of 0.2 f’c is used, the stresses as per- 
mitted above shall be reduced accordingly. 

(b) Capacity in End Bearing of Prestressed Concrete Piles — The cupacity of 
prestressed concrete piles in end bearing shall not exceed 0.2 fc. 

(c) Capacity of Prestressed Concrete Piles as Friction Piles — The capacity of 
prestressed concrete piles shall preferably be determined by looding tests. The 
capacity shall be limited to the lesser of either (a) above or the safe capacity 
resulting from test loading. 


JOINT COMMITTEE 
AMERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS 
COMMITTEE ON BRIDGES & STRUCTURES 
AND 


PRESTRESSED CONCRETE INSTITUTE 


GENERAL NOTES 
PRESTRESSED CONCRETE PILES 


SUBMITTED BY 


FOR AASHO 











Pah ys. 





ap 


te 


Ct heer: 4 
- hee i wide 
or fr Hh 
Ri men di: 


se apt gipeecersag 


wif * Chae tua 
ee hinlene ea. Noack 


» 
ee 


Lene «ices a piety er 
RR OM RANE ANS Fa tytn age Mae 
1 Sit gat pelnnsies ‘eke iche bene 
te ee 
ae ee pst ee hee a 
pea Pps « go eng 8 
6) hgh es. 


‘ tii ee 2" 
fathed he ied oon bi 


«imi bud " “es comnhtrey’ See 
. eel aie: Sak, co crag Selle , 

ca. anherteon Ho ole ge 

ny a ali, i ge agbenarniapgs teak a 
poh: se ck aay eons ems acitogmedes s 


orchid ie eas Nunta 
> oe 


eet | en, 


hy pa 


a 








15 


Figure 1 shows the Sprengnether port- 
able seismograph which we have used 
extensively, and an equivalent complement 
of electronic equipment and transducers. 
Typical recordings of vibration from pile- 
driving operations are shown in Figure 2. 

The damage potential of pile-driving 
vibrations depends on the displacement 
and the frequency of the vibration. Neither 
of these two characteristics alone will 
damage a structure. Concerning displace- 
ment, it is common knowledge that a 
structure can be uniformly jacked through 
several feet without causing damage. Like- 
wise, with regard to frequency, normal 
sour.d, in passing through a wall, can 
vibrate the wall at high frequencies (sev- 
eral thousand cycles per second) without 
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Damage Effects of Pile Driving Vibration 
JOHN F. WISS, Wiss, Janney, Elstner and Assoc. 


*PILE DRIVING, like dynamite blasts, nuclear blasts, and sonic booms, is a source 
of vibration which is frequently alleged to cause damage to structures. Unlike blasts, 
however, pile driving vibrations are produced by mechanical energy that is limited by 
the capabilities of the mechanical system. For example, a 5,000-lb ram falling freely 
from a height of 3 ft cannot deliver more than 15, 000 ft-lb of energy on impact. Simi- 
larly, the maximum energy available from a double-acting steam hammer is limited 
by the steam pressure, the area of the piston, and the stroke. 

On impact, the energy of the ram is imparted to the pile. It is distributed between 
rebound of the ram, elastic distortion of the pile, elastic and plastic deformation of the 
cushioning material, penetration of the pile, and elastic and plastic deformation of the 
earth surrounding the pile. The elastic deformation of the soil is propagated through the 
earth materials as elastic waves. The distributicn of the available impact energy to the 
sources previously mentioned consists of interrelated functions, but the most important 
factor is the resistance of the soil to penetration by the pile. In a soft, easily penctrated 
soil, most of the energy is used in advancing the pile, and the least amount in the elastic 
deformation of the soil. In very hard, resistant soil the converse is true. 

R is convenient to visualize the wave motion at the surface of the earth as being 
similar to the ripples produced on a smooth surface of water when a stone is thrown 
in. The wave length of the earth waves from pile driving is approximately 200 ft; this 
is the distance from the crest of one wave to the crest of the succeeding wave. Struc- 
tures supported on the surface ride such waves in the same manner as a cork or box 
floating on the ripples of the water. Deeply embedded structures respond to a lesser 
degree in proportion to the orbital diameter of the earth particle motion which decreases 
exponentially with depth. For example, a structure embedded 2U0 ft below the surface 
would receive virtually no vibration. One at 100 {t would receive Y-ath of the vibration 
experienced by a point on the surface, Regardless of depth, the magnitude of vibration 
intensity varies with the amount of energy transmitted to the soil, the physical prop- 
erties of the soil, and the distance that the wave has traveled from the source. 

Many instruments are capable of ‘measuring the vibration intensities resulting from 
pile driving. Basically, such systems consist of a vibration scnsor which converts the 
physical motion of the earth or structure into electrical signals. These in turn are suf- 
ficiently strengthened by an electronic amplitier to drive a galvaniometer and producea 
recording of vibration vs time. It-is essential to record the vibration, because the im- 
pulses are transient, and the response of meters is not fast enough to follow the vibra- 
tions accurately. It is alsu important to record Simultaneously the vibratory motion in 
three mutually perpendicular directions. Although the impact force is generally in the 
vertical direction, the maximum earth or structural vibration is not necessarily vertical. 

The instrument most commonly uscd for measurement of earth or Structural vibra- 
tion resulting from pile driving is the portable three-component scismograph. This 
unit is a mechanical optical system which utilizes seismic principles, is portable and 
battery operated, and produces a recording of displacement in three mutually perpen- 


dicular directions vs time, It is ideally suited for field recordings of the vibrations 
associated with pile driving, 





Poper sponsored by Committee on Construction Practices—Structures ond presented at the 45th Annual 
Meeting. 
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Figure 1. Sprengnether portable seismograph and 
equivalent complement of electronic equipment 
and transducers. 
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om ' Be rit hea Figure 1 shows the Sprengnether port- 
ey ! able seismograph which we have used 

{ extensively, and an equivalent complement 
} of electronic equipment and transducers. 

i Typical recordings of vibration from pile- 
i driving operations are shown in Figure 2. 

: The damage potential of pile-driving 

! vibrations depends on the displacement 
and the frequency of the vibration. Neither 
of these two characteristics alone will 

; damage a structure. Concerning displace- 
! ment, it is common knowledge that a 

, structure can be uniformly jacked through 
several feet without causing damage. Like- 
wise, with regard to frequency, normal 
sour.d, in passing through a wall, can 
vibrate the wall at high frequencies (sev- 
eral thousand cycles per second) without 


t 
Mee ee es ot ae 













i Hin FG RS OT biti 
DISTANCE 7 FT 


TRURTIR TTR Reta MELE Bau 
AT Aes et 


1) Ra a 
HR NG 





N/SEx 
coe Rs 









i 
y 









oa 
atihiieed cactthadbittis 
IN/SEC ane 


HeuMl ti ati idtstiils sided: 
DISTANCE 25 FT VELOCITY = 0.266 


yeppMap rapt ps Re 
i ' ye Rites ‘diate patie Hares ier a 
jiu yttipe mith: al eu! wet 
TERT Eee vert ed petegeece esate 
' Wietheaeay dich bp cee ee ‘ 
ities 
H 
t 






‘ 
0.152 IN/S 





FC 
seem 





DISTANCE 100 FT VELOCITY = 0,024 IN/SEC 


Figure 2. Typical earth vibrations from pile driving. 
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Figure 4. Comparison of damage criteria, residential-type structures. 
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Figure 5, iMaximum vibration intensities expected from pile driving on wet sand, dry sand, and clay. 


causing damage. It is a combination of displacement (amount of motion) and frequency 
which causes damage. The particle velocity of earthborne vibration is the best meas- 
ure of damaye potential because it combines displacement and frequency in the most 
significant manner. Particle velocity (Fig. 3) can be expressed as 2 mfA, in which f 
is frequency (cps) and A is amplitude (displacement). Impact vibrations produced by 
pile driving have characteristic frequencies depending on the type of soil. A loose 
alluvial fill has natural frequencies of about 5to 10 cps, clay soils vary between 15 
and 25 cps, sand between 30 and 40 cps. 

¢ Several investigators in this country and abroad (including the U.S. Bureau of Mines) 
have found that particle velocities in excess of 4.0 in. /sec are required to cause 
plaster cracks in dwellings. Figure 4 shows a comparison of the results of several of 
the investigations. With appropriate conservatism, the investigators agree that a 
vibration level of 2.0 in. /sec (particle velocity) is safe with regard to plaster cracks 
in residential-type structures, 

The effect of ground motion on an engineered structure can be computed by commonly 
used methods in the earthquake engineering field. The structure is considered a lumped 
mass-spring dashpot system, and its response to a series of impacts can be calculated. 
Based on observation and experience, it can be stated that ground motion particle ve- 
locities below 4.0 in. /sec are well within the safe range for engineer structures. 


Figure 3, Particle velocity in alluvial fill, clay, and sand. 
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Figure 5 shows the maximum vibration 
intensities to be expected from pile driving 
in several soils on which extensive data 
have been obtained by the autho’. The 
data are plotted on log-log paper in which 
the abscissa is YE/D. This scaled energy 
factor permits use of the graphs with any 
size of pile driver; E is the foot-pounds of 
enerzy delivered by the hammer, and D 
is the seismic distance, in fect, from the 
pile tip to the location of interest. The 
vibration intensity (particle velocity) varies 
as the square root of the energy of the 
hammer. Figure 5 also indicates the 
levels at which vibration damage may be 
ee HE LARS expected and the normal human evaluation 
© (28 aay) of pile driving vibration. In several in- 
vestigations, vibrations resulting from 
the driving of sheet piling, wood piles, 
sand H piles were measured. For all prac- 
es ape tical purposes there is no difference in 

the vibration produced, all other variables 
Figure 6. Strength of concrete vs curing time. being constant. 





PERCENTAGE OF 28 DAY STRENGTH OF CONCPETE 
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MOPTZONTAL MISTANCE FROM CURING CONCRETE 


Figure 7, Limiting safe distance vs curing time of concrete for pile driver rated at 15,000 ft-lb of 
energy. 
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Figure 8. Vibration intensity vs distance. 


er problem of common interest ona construction project involves the case in 
Scribes ae to be driven at the same time that concrete is being placed. The mee 
tion bas frequently been raised as to whether the pile driving might have a Shree 
effect on "green" concrete. Until we re ra ee concrete technology, it is doubt- 
i “iorouus analysis of such effects can be made, 

a rea Peartical nate the following reasoniny, has been used by the author in the 
past, and although the magnitude of the safety factor has not been determined, there 
has been no evidence to indicate that the approach is not conservative. ; 

Assuming that 5.0 in. /sec (particle velocity) is conservatively a safe vibration level 
for cured concrete, and recognizing the rate at which green concrete attains strength, 
it is then possible to relate the permissible safe vibration level to the time since placing. par 
the concrete. When the decrease of vibration with distance has been evaluated for a WEE a 
particular site, \the distance at which ae prada sa vy bail raitted (for a certain size 

“ean then be determined as a function of curing time. 
Arad, for Asepotel of illustration, that a £,600-psi concrete (28-day strength) 
has been specified on a particular project. The percentage of 28-day strength of con- 
crete vs curing time is shown in Figure 6, This curve shows that the concrete has 
approximately 5 percent of its strength in 12 hr (one-half day), or 10 percent in 24 hr 
(one day), Thus, the vibration intensity should not exceed this same percentage of a 
particle velocity of 5. 0 in, /sec; limiting values of vibration are, therefore, 0, 25 and 
0.5 in./sec, respectively. If the soil is basically a clay, these vibration particle ve- 
locities correspond to an VE/D of 2 and 3, respectively (Fig. 5). If a 15, 000-ft-lb 
ra 


vs 


- 
Ded 




























Bite ant srg Reet el 

Mitphatage Sd ok to tgparsier 

xs set Ww. HO 0 om eyes ae 

aes rig oi Pe NA ae eed? 
othes hy > baba ek 

: A a a , ta bomate wit, 

i hou weit alge SOTO 

a Ss evi Ate ae eR 0 

BT? tal RSS vcr Dee oy iss R 
Mia Othe @ GM De ball By 

pe tend Par aaa! ahs a oa Gy Glet 

i Medsiag. ih otal celieccer 

cOv0s Si Yo too, ovine dalt aa 
its. wats ada’. sere 

We “oiveul-» Asie is cise 

neta Tt acl te Letsadpay 

cat: uk Caney Geet Si et 

Port gre ory Gale hiier 

Wit *petig eee wruivie ey 

BY thw s te 5 © . bien “ i pt OR 

to: Oe wn: if} Shige tens bg 

yo lag pepo sy abled: adt i 


Rae yaks anit we stort ha Need eee 
















oe, 
ott fans ae i 


k, Mig} at er 
rer yr liad itn Renate online Ui alias Ate omg a Ay ; ; pe ey 








ne 


Saji 





ap a aN eRia Se : 
Marne * ir Pe 
MY aber yer 
DEER trie) 










~ 
‘ 


we me ele oy tee 








<P te te Ee ~ 
> 
: 
{ 
4 : 

so ao sees 

. 

Pad es 


¢ 
p> 
5 : 
" Creare pa - : : te 
oo ,S 2 iP 
Ssh ' i 
- hie OS of | Peay ’ 
oe yet oF -g- 


; 
£5 
x4 
Ke 


bese vat oer 


a ia 


; * 
; ‘ rs ea 





) 29 


By the foregoing method a curve can be developed in which the limiting safe distance 


|. for pile driving vs curing time of concrete can be determined (Fig. 7). This curve is 


represented as a typical evaluation. Fora specific site, pile driver, and concrete, 
_ limiting distances and curing time should be based on measured vibration intensities 





1 


and concrete strength determinations, especially where short curing times are in- 
volved. 
In closing, some brief comments on the vibration produced by the Sonic pile driver 

_ and by other vibratory pile drivers are pertinent. In contrast to the impact hammer, 

which excites the soil at its natural frequency and the vibrations die out before the 
next blow, the sonic and vibratory pile drivers force the soil to vibrate at the continuous 
frequency (rpm) of the driver. These units can be speed controlled over a limited fre- 
quency range. Investigations of a sonic pile driver driven at frequencies between 90 


| and 120 cps, anda vibratory pile driver adjustable between 16 and 21 cps resulted in 


the following observations. 


The normal vibration levels from the sonic driver may by one order of magnitude 
lower than those of an impact pile driver. However, the vibration varies continuously 
and occasionally attains intensities approximately one-half of the levels produced by a 
comparable impact hammer. Further, because the vibration is of a steady-state rather 
than a transient character, the human evaluation is usually more pronounced—by a 
factor of 2(Fig. 8). The other vibratory pile driver investigated produced vibration 


' levels of the same order of magnitude as a comparable impact pile driver. 


With a steady-state excitation the possibility of resonance response in building com- 
ponents (especially panels) may become of significant importance. In the case of the 
transient vibrations produced by an impact pile driver, the duration of the transient is 
sufficiently short (0. 2-0. 3 sec) that a resonance buildup of structural components is 
not likely. The safe level of intensity for a steady-state vibration could conceivably 
be between one-half and one-fifth of the safe level for transient excitation; this is due 
to the possible magnification at resonance which depends primarily on the inherent 
damping characteristics of the structure. 





} pile driver is used, the closest permissible distances are 61.5 and 41.0 ft, respectively. 
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ORGANIC SOILS 


ENGINEERING PROPERTIES OF ORGANIC SOILS 
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PRELIMINARY CHART FOR ESTIMATING SUITASILI] 
OF ORGANIC SOILS FOR HIGHWAY EMBANKMENT FOUNDATIONS 
BASED ON SOIL IDENTIFICATION AND MOISTURE CONTENT 


derlying organic deposits usually are loose and sometimes 
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ken the soll! color. These soils 


contain smali amounts of organic that will dar 
will consolidate rapidly and will have adequate shear strength to support embank < 
ment weight, if left in place. Since these soils often appear to be “unsuitable” 
when excavated, molsture content tests on retatively undisturbed samples wii! be 
important for datermining lower Iimit of excavation in fleld. 


ZONE 8 - Solis may possibly be stabilized, depending on rate of consolidation, 

.  e@vallable shear strength, thickness of organic deposit, helght of em- 
bankment, reat eres time before paving, and allowable post-construction 
settlement. Solls-tn Zone B at lower mofsture contents (with exception 
of sensitive clays) usually have more favorable engineer!ng properties. 
Strength and consoildation tests should be conducted on undisturbed 
samples when possible. 
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SECTION 20 


SPECIAL SPECIFICATIONS 


PAGES 
20-1 to 20-6 PIEZOMETERS 

20-7 & 20-8 LIGHTWEIGHT FILL 
20-9 to 20-12 VerTIcAL SAND DRAINS 
20515 CoLLEcToR DRAINS 


20-14 To 20-20 Stope INDICATORS 
20-21 To 20-26 Hor1zonTAL DRAINS 
20-27 & 20-28 Hose SETTLEMENT GAGE 
20-29 VANE SHEAR TESTS 


SPECIAL SPECIFICATION 


ITEM 17203.1399 PIEZOMETERS (Air Activated) 


Description 


This work shall consist of furnishing, installing and maintaining air 
activated piezometers and appurtenances at the locations and elelvations 
designated in the contract documents or as ordered by the Engineer. 


Materials 


i 


Air activated pressure cells shall be capable of operating within 
a range of 1 to 100 pounds per square inch and shall be sensitive 
to .05 pounds per square inch. The maximum allowable dimensions 
shall be 1-3/4 inches in diameter and 12 inches in length. 


The readout device shall be equipped with an air pressure gauge(s) 
capable of reading a maximum pressure based on the depth of 
installation plus the surcharge weight of added embankment 
material. Gauges shall have the following accuracy: 


Range (PSI) Accuracy (PSI) 
0 - 30 + 1.50 
0 - 60 + 3.0 


Two air leads of nylon pressure tubing, 3/16 inch 0.D., shall be 
provided in such lengths that no connections shall be made in 
the area under the embankment except at the cell or as ordered 
by the Engineer. All connectors shall be brass "Imperial flex 
unions," or equal. Only new, unused tubing will be acceptable 
for use on this contract. 


The tamping hammer shall weigh 30 pounds + 10% with a maximum © 
diameter of two inches. The hammer can be either split barrel 
or one piece but shall conform to the dimensions shown on the 
plans. 


A 1/8 inch diameter galvanized preformed airplane cable of 
sufficient length to permit installation of the deepest 
piezometers shall be supplied and have a snap-type swivel 
hook attached to one end. 


A tripod and sheave shall be supplied for operating the tamping 
hammer. 


Drive sample drilling equipment shall be supplied to obtain soil 
samples. 


The sand used for piezometer installation shall be Ottawa sand, 
or another thoroughly washed sand between No. 20 and No. 40 
mesh in grain size. 
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Materials (Cont.) 


9. The seals shall be made of 1/2 inch diameter "Pi Pellets" which 
can be obtained from Piezometer Research & Development Corporation, 
33 Magee Avenue, Stamford, Connecticut 06902. 


10. Rounded gravel approximately 1/2 inch in diameter shall be used on 
top of each bentonite seal. 


11. Gauge protection boxes shall be constructed as shown on the plans 
or in the proposal. . 


Construction Details 


The Contractor shall utilize personnel experienced with the installation 
of piezometers. Prior to commencing the piezometer installation, the 
Contractor shall provide to the Engineer for his approval, a description 
of the applicable previous experience of such personnel. 


All phases of the installation of piezometers, including connection of 

the system, are to be inspected by a representative from the Soil Mechanics 
Bureau. Piezometers will be accepted for conformance with the specifi- 
cation requirements on the basis of this inspection. 


A. No embankment material shall be placed within 100 feet of the 
proposed location of a piezometer until the piezometer has 
been installed and all connections completed in conformance 
with the following procedures: 


1. At the location shown on the plans, a 2-1/2 inch diameter 
casing shall be driven to the approximate elevation of 
the bottom of the piezometer cell. The bottom 10 feet 
of casing must be in one piece, without joints or 
couplings, and shall not have a drive shoe on the 
lower end. The casing may be advanced by any means, 
except for the final twenty feet of penetration. It 
shall then be driven in five foot increments. The 
casing must be washed out after each five foot advance. 
The casing shall be kept filled with water at all times. 
No washing below the casing will be permitted. 


The upper section or sections of casing shall be tightened 
to a lesser degree than the lower sections of casing to 
facilitate disconnection of the casing in Step 11 below. 


2. A split spoon sample shall be obtained of the material within 
a depth of 12 inches below the bottom of the casing and deliv- 
ered in sealed jars to the Engineer. The casing shall be driven 
to 12 inches below the piezometer cell elevation and the remain- 
ing soil cleaned out to the bottom of the casing. 


3. The casing shall be pulled up one foot and approved sand poured 
into the casing to fill up the one foot void. The top of the sand 
shall be at the bottom of the casing and measured with the tamping 
hammer . 


Construction Details (Cont.) 


4. 


The air leads shall be connected to the air piezometer cell. 
The system shall be checked for leaks and the tubing labeled 
or color coded as to intake and exhaust before installation. 
The cell assembly shall be lowered into the casing and 
readings taken at convenient depths to confirm the cell 
accuracy until the cell has reached the planned elevation. 
The tamping hammer shall be lowered over the tubing to the 
tap of the cell to center the cell in the hole. 


The hammer shall be removed and a measured volume of sand 
poured into the casing so that the sand fills the space 
around the piezometer tip and to approximately 2-1/2 feet 
above the bottom of the casing. Tension shall be maintained 
on the tubing but vertical movements of the piezometer tip 
shall not be permitted. 


A one inch thick layer of 1/2 inch diameter gravel shall be 
formed on top of the sand in the casing and tamped with 20 
blows of the hammer falling six inches. 


While maintaining a constant tension on the tubing, a 
bentonite seal with five separate layers shall be formed. 
Each layer shall consist of a three inch thickness of 

Pi Pellets and a one inch thickness of gravel. Each layer 
shall be placed and compacted as follows: 


a. The water shall be lowered three inches below the 
top of the casing. If the casing cannot be kept 
full of water, another method of measuring the 
necessary amount of Pi Pellets shall be proposed 
by the Contractor and approved by the Engineer. 


b. Pi Pellets shall be dropped individually into the 
casing until the water rises to the top of the 
casing and sufficient time allowed for the balls 
to reach the bottom (about 1 minute for each 10 
feet of depth). 


ec. The water shall be lowered one inch below the top 
of the casing. If the casing cannot be kept full 
of water, another method of measuring the necessary 
amount of rounded gravel shall be proposed by the 
Contractor and approved by the Engineer. 


d. One half inch diameter gravel shall be dropped into 
the casing wtil the water rises to the top of the 
casing. Sufficient time shall be allowed for the 
gravel to reach the bottom (about 1 minute for each 
10 feet of depth). 





Construction Details (Cont.) 


e. The tamping hammer shall be slipped over the tubing 
and, keeping tension on the tubing, 20 blows applied 
to the gravel layer with a six inch drop of the 
hammer. Whenever the tamper does not move freely, 
it shall be immediately withdrawn and cleaned. 


f. This procedure shall be repeated until a five-layer 
seal is formed. 


8. Enough sand shall be poured into the casing to form a two 
foot layer. It shall be covered with a one inch layer of 
1/2 inch diameter gravel and tamped with 20 blows of the 
hammer falling six inches. . 


9. Step 7 shall be repeated forming another five-layer seal. 
10. The remainder of the casing shall be filled with sand. 


ll. The top section of the casing shall be disconnected so 
that the top of the casing is at least four feet below 
the ground surface. 


12. The horizontal air leads shall be laid zig-zag in a 
minimum one foot wide and two feet deep trench to 
prevent disturbance of the lines by any subsequent 
grading operation. The air leads shall not cross in 
the trench. 


13. The horizontal air leads shall be connected to the gauge 
protection box. Each lead shall then be fully labeled. 


B. A piezometer will be maintained until the Director of the Soil Mechanics 
Bureau determines that the installation may be abandoned. When a pie- 
zometer becomes damaged or inoperable, all earthwork operations shall be 
stopped within 100 feet of the installation until the installation is 
either repaired or abandoned. The Director of the Soil Mechanics Bureau 
will determine if replacement is required or if sufficient information 
has been obtained so that the installation may be abandoned. Piezometers 
that become damaged or became inoperable through no fault of the Contractor 
shall be replaced and paid for at the unit price bid for this item. Any 
piezometer that becomes damaged or inoperable as a result of the Contractor's 
operations will be replaced by him at no cost to the State. 


Method of Measurement 


The quantity will be the actual number of piezometers satisfactorily installed 
in accordance with this specification. 


Basis of Payment 
The unit price bid for this Item shall include the cost of furnishing all labor, 
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Basis of Payment (Cont.) 


material and equipment necessary to complete the work,including the 
installation and maintenance of the installation. In addition, at 
the completion of the contract, the piezometers and appurtenances, 
including readout devices, shall become the property of the State. 


No separate payment will be made for the cost of excavation and back- 
fill of the trench to install the horizontal air leads. The cost of 
this work will be included in the price bid for this Item. 


No payment will be made for any piezometer that becomes damaged or 
inoperable as a result of the Contractor's operations. 
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Construction Details ae es 


~embanktent. The embankment shall be constructed in uniform layers not 
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ITEM _ 17 203.0302, EMBANKMENT IN PLACE (Lightweight Fill) 


Description | yawn i : : “ye: 


* 4 “4 s . 
Under this Item, the Contractor shall furnish and place lightweight fill 
necessary to complete the embankments shown on the plans or as ordered 


Materials 


The material shall be blast furnace slag, expanded shale or other materials 
as approved -by the Deputy Chief Engineer, Technical Services. The material 
shaJl have a maximum particle size of 24 inches in greatest dimension’ and 
the compacted wet density shall not exceed the density specified in the 
proposal as measured in a test embankment. 
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The compacted wet density shall be determined in test embankments containing 
a minimum of 400 cubic yards of material constructed on firm flat surfaces. 
The Contractor shall construct each test embankment in an area bounded by 
100 ft. by 50 ft. dimensions and he shall give the Engineer at least (1) 

one week written notice prior to beginning each test in order for the 
locatior to be inspected and surveyed. 


The lightweight fill material shall be stored in piles not exceeding 20,000 
cubic yards prior to testing. Representative material from each storage 
pile shail ve used to construct a test enbankment to a minimun height of 
four (4) feet in accordance with this specification. 


The Codeceener shall weigh all the material prior to placenent in the test 


exceeding, 24 inches in thickness prior to compaction. Each layer shall be 
rolled over its entire area by a vibratory steel drum roller. The nunber 
of passes, the size of vibratory steel drum roller, and the need for —. 
actuajly vibrating the roller will be as directed by the Engineer. 


The Fngincer shall determine the volume of the test embankment. If the 
compacted wet density of the material in the test embankment is greater 
than the specified density, both the material contained in the-test 
embankment and the material from the storage pile it represents shall 
be rejected for use under this Bei tescti: 





The design embankments shall be constructed using the same ‘ceachuaen equip- 
ment and procedures used to construct the test embankrents. However, the 
following requirerents contained in Section 203 shall not apply: 





a. The density requirements both in the embankrent 
and in the subgrade area. _ 





b. The maximum particle size in the subgrade area. - 


ce. Proofrollins. ae ; 





ITEM 17203.0302 EMBANKMENT IN PLACE (Lightweight Fill) 
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The top surface of the lightweight embankment lying directly beneath the 
subbase course materials shall be chinked to the satisfaction of the 
Engineer with lightweight material to prevent infiltration of the 
subbase materials. 


Method of Measurement 


The quantity of lightweight fill to be paid for under this Item shall be 
the number of cubic. yards of material computed in its final compacted 
position between the payment lines shown on the plans or between 

revised payment lines established by the Engineer prior to performing 
the work. 


Basis of Payment ;: ae : " im ia 


The unit price bid per cubic yard shall include the cost of furnishing 
all labor, material and equipment necessary to complete the work including 
the test embanknents. 


No payment will be made for any loss of material which may result from 
foundation settlenent, erosion or any other cause. The cost of such 
losses shall be included in the price bid for this Item. 





ITEM _ 17605.3101 VERTICAL SAND DRAINS 


Description 


Under this Item the Contractor shall furnish all necessary equipment and 
materials to install vertical sand drains by the continuous hollow shaft 
auger method or the jetted in casing method or an equal minimum displace- 
ment procedure subject to the approval of the Director of the Soil Mechanics 
Bureau. All work shall be performed in accordance with the os shown on 
the plans and specifications. 


The Contractor's attention is directed to the existence of U. S. Patent 
No. 3,096,622, issued July 9, 1963, to Mr. Richard A. Landau, which covers 
the continuous hollow shaft auger method of sand drain installation. 


Materials 


The sand used for backfilling the sand drains shall not contain any organic 
or other deleterious materials and shall meet the following gradation 
requirements: 


Sieve Size Percent Passing by Weight. 


3/4 inch 100 
3/8 inch 80-100 
No. 10 25-100 
No. 40 0-35 
No. 100 0-8 
No. 200 0-2 


The material shall be stockpiled and tested in accordance with the procedures 
contained in the appropriate Departmental publications in effect on the 
letting date of the project. 


Construction Details 


Vertical sand drains shall be installed at the locations shown on the plan 
after the initial 3 foot thick uncompacted drainage blanket (working platform) 


-is installed. The sand drains shall be installed using a minimum 18 inch 


outside diameter hollow shaft auger, a minimum 12 inch outside diameter jetted 
in casing, or an approved equal. They shall be progressed through the working 
platform and underlying peat deposit and into the underlying clay deposit to 
elevation + 352 feet. Under no circumstances shall the sand drains be 
progressed below elevation + 352 feet due to the presence of an artesian 
pressure below this elevation. The drains shall then be backfilled with sand 
meeting the requirements specified under "Materials." 

? 
The drains shall be spaced and arranged as shown on the plans unless otherwise 
directed by the Engineer. 


If obstructions aré encountered and cannot be penetrated by the sand drain 
apparatus, the Contractor may abandon the hole and install the sand drain at a 
location specified by the Engineer. All abandoned holes must be backfilled in 
a manner subject to the approval of the Engineer to insure the support of the 
surrounding soil. 
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ITEM 17605.3101 VERTICAL SAND DRAINS 


The Contractor shall provide the Engineer with a suitable means of making a 
volumetric determination of the quantity of the sand used to backfill each 
drain. If it is determined by the Engineer that the quantity of sand used 
is less than the theoretical volume of the hole, the Contractor shall 
immediately ascertain the reason and adjust or change his operations to 
correct any deficiency prior to the continuation of sand drain installations. 


Vertical sand drains that are not in their proper location, or drains that 
are damaged in forming or during the placing of sand backfill, or drains not 
completed to the satisfaction of the Engineer, shall be rejected and replaced 
with drains that meet the criteria of the specifications. 


Where instrumentation such as piezometers and settlement platforms are to be 
installed, the location of completed vertical sand drains shall be marked 
with stakes to insure that the instrumentation is accurately placed between 
sand drains. 





The Contractor shall be prepared to install up to five trial drains in order 
to establish a satisfactory rate of penetration and/or flow rate for 
production drains in representative areas. Such tests shall be performed 
under the direction of the Engineer. The procedure thus established will 
then be used for all remaining drains. 


| 
| 
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Installation by the Continuous Hollow Shaft Auger Method 


1. The outside diameter of the auger shall be a minimum 18 inch diameter 
: and shall not be greater than sixty percent of the outside diameter 
of the helix. The inside diameter of the hollow shaft shall be 
greater than six inches. The auger shall be straight and of constant 
diameter. 


2. The rate of advance of the auger shall not be greater than one pitch 
length per revolution and shall be adjusted so that the volume removed 
by the helix at any depth is equal to the volume displaced by the hollow 
shaft at that depth. Suitable means shall be provided such that soil 
does not enter the bottom of the shaft during the advancement of the 
auger. Suitable means shall also be provided to retard the adwance of 
the auger in areas of very soft soil, which might otherwise result in 
the unit "plunging" under its own weight and displacing soil. 


3. At the end of the auger advance for each sand drain, the auger shall be 
held stationary in the vertical position and rotated at least one 
revolution. The sand shall then be placed in the hollow shaft and the 
auger withdrawn in such a manner that a continuous column of sand extends 
from the bottom of the drain to the top surface of the working platform. 


4, The rate of auger withdrawal shall be regulated so that the sides of the 
hole are supported at all times, either bv the sand backfill or the soil 
in the auger helix, The auger shall not be rotated during extraction 
without the written permission of the Engineer. 
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ITEM _17605.3101 VERTICAL SAND DRAINS’ 
5. The material taken from holes shall be considered unsuitable material and 


removed and disposed of in accordance with Section 203.3.08 "Disposal of 
Surplus Excavated Materials." 


Installation by the Jetted in Casing Method 


1. 


In order to minimize displacement and remolding of soils adjacent to the 
12 inch minimum diameter sand drain the jetting tool must be advanced in 
such a manner that all soils which are penetrated are removed by the 
jetting and washing action. The pulsating bailor or "Dutch Bailor Method" 
will be acceptable. The rate of advance of the jetting tool and the flow 
rate of jetting water shall be controlled so that the unit does not 
advance faster than the soil is removed by the jetting action. In no case 
shall the rate of advance be greater than 20 feet per minute. 


The water pressure and volume of water must be such to guarantee satisfac- 
tory progress of sand drain installation. When the hole has reached the 
required tip elevation, the jetting shall be continued and/or water shall 
be pumped until the water in the hole contains not more than a total of 

2 percent by weight of silt and clay size particles. 


During progression of the hole, the Contractor shall provide a suitable 
means of determining the depth of the hole at any given time. 


Each hole shall be inspected and approved by the Engineer before the sand 
is placed therein to insure that the jetting action has not resulted in 
the removal of soil below the designed depth of the drains. 


The sand backfill material shall be placed as the casing is withdrawn by a 
method that will produce a continuous column of approved clean sand for 
the full diameter and depth of the vertical sand drain. 


Jetted material shall not be permitted to come in direct contact with the 
free draining material making up the working platform in the sand drain 
area and for a distance of 50 feet from the area of the sand drains. The 
Contractor's attention is directed to the fact that no wash water from 

the jetting method shall be put into streams. directly or indirectly without 
speczal treacment to avoid pollution. The Contractor shall have his own 
arrangements for disposing of such material. The Contractor shall submit 
to the Engineer for his approval a plan for temporary pollution control for 
the selected method of sand drain installation prior to beginning the work. 


Method of Measurement 


The quantity of vertical sand drains will be the actual total length, in linear 
feet of sand drains installed and accepted, measured from the top of the working 
platform to the bottom of the sand drains (elevation + 352 feet) as directed or 


approved by the Engineer. 


There will be no measurement for payment for rejected 


or abandoned holes. 








ITEM 17605.3101 VERTICAL SAND DRAINS > 


Basis of Payment 


The unit price bid shall include the cost of forming the sand drain hole, 
filling the hole, disposal of material removed from the hole and shall also 
include the cost of furnishing all tools, materials, labor, equipment and a 
all other costs necessary to produce the required end result in accordance 
with the plans and specifications. No direct payment will be made for 

_ trial drains or abandoned holes. The cost of temporary pollution control 
for work under this Item shall be included in the unit price bid for this 
Item. . 


wend 
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ITEM COLLECTOR DRAINS 


DESCRIPTION 


Under this Item, the Contractor shall excavate and backfill collector drains as 
shown on the plans or as ordered by the Engineer. 


MATERIALS 


The material to be used to backfill the collector drains shall conform to the 
requirements of Section 703-02, Coarse Aggregate, and shall be primary size #1. 


CONSTRUCTION DETAILS | a 


The collector drains shall be constructed according to the plans and in a manner 
approved by the Engineer. Care shall be taken by the Contractor not to contaminate 
the sand drains during collector drain construction. Any sand drain material that 
is contaminated shall be removed and replaced at no cost to the State. As soon as 
the collector drains are installed, the Contractor shall cover the area with a 12 
inch lift of embankment material to prevent contamination of the sand drains and 
collector drains. Any collector drain material that becomes contaminated by any 
means before the area is covered, shall be removed and replaced at no cost to the 
State. 


. METHOD OF MEASUREMENT 


The quantity of collector drains will be the actual measured total length, in linear 
feet, of collector drains completed in accordance with the specifications. 


BASIS OF PAYMENT 


The unit bid price per linear foot shall include the cost of furnishing all labor, 
material and equipment necessary to complete the work. No direct payment will be 
made for any losses of material which may result from contamination, settlement, 

erosion or any other causes; the cost of such losses shall be included in the bid 


price for this item. 


The cost of removing and replacing sand drain material to provide a continuous 
collector drain shall be included in the price bid for collector drains. 
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ITEM 17203.98 SLOPE INDICATOR CASING 
1.1 Description , 


1.2 


1.3 


The work shall consist of furnishing, installing and maintaining 
plastic slope indicator (S.1I.) casing at the locations and depths © 
specified in the contract documents or as directed by the Engineer 
(see Fig. 1 - Typical Slope Indicator Installation). If the slope 
indicatcr casing is damaged due to the Contractor's construction 
operations, work within 30 feet of the slope indicator shall be 
stopped and the slope indicator casing repaired or replaced at the 
Contractor's expense. At the completion of the contract, the 


' slope indicator casing shall be in proper working order. 


Materials 


Slope Indicator 


a. 2.75 inch.0.D. plastic slope indicator casing (A.B.S. Plastic) 
b. plastic couplings (A.B.S. Plastic) 
c. protective caps (2 per hole) 

-d. assembly tools 


The slope indicator materials shall be from the Slope Indicator 
Company (Sinco) or an equal approved in writing by the Director 
of the Soil Mechanics Bureau. 


Grout Equipment 


as 1 inch diameter rigid plastic grout pipe - (P.V.C. Plastic, 
schedule 21) 

b. plastic couplings (P.V.C. Plastic, schedule 21) 

c. grout check valve according to Fig. 2 - Typical Grouting 
Check Valve Detail or equivalent 

d. quick disconnect valve 

e. Portland cement - Type 2 per NYSDOT Standard Construction 
Specifications, subsection 701-01 

f. grout sand (if required to thicken grout) per NYSDOT Standard 
Construction Specifications, subsection 703-04 


General Equipment 


a. 3/16 inch diameter pop rivets 

b. friction or plastic tape 

c. 6 inch diameter drive pipe with necessary couplings 
d. steel cap for 6 inch diameter drive pipe 

e. cement to fasten couplings to plastic grout pipe 


Construction Details 


1.3.01 Drilling 


The Contractor shall install and clean out the 6 inch diameter drive 
pipe to a minimum depth of 5 feet below the installation grade (bottom 
of cap beam, see Fig. 1 - Typical Slope Indicator Installation). 
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This 6 inch diameter drive pipe shall extend to the final pavement 
grade. The Contractor shall have the option of installing this 
pipe in one or two lengths. The 6 inch diameter drive pipe will 
remain in place as part of the permanent installation. 


The hole into which the slope indicator casing is installed shall 
be drilled under another contract item. 


1.3.02 Installation of Slope Indicator Casing 


A. Grouting Check Valve. The grouting check valve (as detailed | 

- in Fig. 2 - Typical Grouting Check Valve Detail or 
equivalent) shall be installed in the first 10~foot section 
of slope indicator casing. Four 3/16 inch diameter holes 
shall be drilled through the slope indicator casing and the 
mating part of the check valve assembly. The check valve 
assembly shall be pop riveted in place and the rivet holes 
sealed using plastic tape. The rivets shall not be installed 
through the grooves of the slope indicator casing. 


B. Assembly of Slope Indicator Casing 


1. The 10 foot section of S.I. casing with the check valve 
assembly attached shall be lowered into the hole and 
secured in place with a clamp so that the next section 
of casing can be attached. 


2.. A plastic coupling shall be attached to the bottom of 
each subsequent 10 foot section of S.I. casing in the 
manner detailed for the installation of the grouting 
check valve assembly. . 


3. The aligning tool, with a length of rope attuched shall 
be inserted (half the tool's length) into the top of 
the section of S.I. casing in the hole. The rope shall 
be threaded through the section of casing to be added. 
This section of casing shall then be lowered over the 
protruding aligning tool until it butts with the first a2 
section of casing in the hole. The two sections shall 
then be riveted as previously detailed. The casing 
shall then be lowered 10 feet and the aligning tool 
shall be withdrawn to the top of the casing so as to 
protrude 1/2 its length above the casing. This pro- 
cedure shall be repeated until the slope indicator 
easing reaches the bottom of the hole. 


4. The top of the S.I. casing at this point shall be at or 
above the proposed final pavement grade. 


5. The S.I. casing shall then be oriented so that one set 
of opposite grooves is parallel to the anticipated direction 
of soil foundation movement as directed by the Engineer. 





6. 
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The S.I. casing shall be cut off so that the top will 
be approximately 2 inches below final pavement grade 
(see Fig. 1 - Typical Slope Indicator Installation). 


Grouting Slope Indicator Casing in Place 


ae 


The grout shall consist of 1 part Portland cement and 
l part water or as otherwise approved by the Engineer. 
Grout shall be transmitted to the bottom of the hole 
via the 1 inch diameter rigid plastic pipe. 


A threaded coupling shall be cemented to the bottom of 
the section of grout pipe which shall then be lowered 
into the S.I. casing (see Fig. 2 - Typical Grouting 
Check Valve Detail). 


Subsequent sections of grout pipe shall be added in 
convenient lengths joined together by cemented slip 
couplings until the grout pipe reaches the bottom 
of the S.I. casing. 


The grout pipe shall be screwed into the check valve 
that was installed on the lowest section of S.I. casing. 


The grout pipe shall be cut to a convenient height and 
a quick disconnect valve shall be cemented to it. 


Prior to grouting operations, the Contractor shall employ 
measures necessary to insure that the S.I. casing will 
not "float" out of the hole. 


The S.I. casing shall be grouted in one stage from the 
bottom to the top. The grout shall be pumped through 
the grout pipe until it surfaces at the top of the 
hole around the outside of the S.I. casing. 


The steel boring casing may be removed after completing 

the grouting operation or it may be removed in increments 

as the grout is pumped. However, the grout shall be kept 
within 5 feet of the surface as the boring casing is removed. 
At the completion of the S.I. casing installations, the agua 
boring casing shall be completely removed. 


After the grout is installed and before it sets, the grout 
pipe shall be removed from the check valve assembly and 
raised up approximately 1 foot. Clean water shall be 
pumped into the grout pipe to clean it of grout and the 
slope indicator casing shall be cleaned of all grout by 
surging. The grout pipe shall then be removed from the 
slope indicator casing. | 


Mn) 7 26-17 
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10. If the grout cannot be maintained within 5 feet of the | 
surface as the boring casing is being removed or at / 
the surface when the boring casing is completely 
removed then the S.I. casing shall be removed from the i 


hole. The hole shall be re-drilled to the original ! ! 
lower limit of the boring and the S.I. casing re- 
installed. | ; i 


Note 





The Contractor's attention is directed to 
fact that voids exist in the materials 
behind the existing walls. It is the 
Contractor's responsibility to insure 
that the slope indicator casing is 
completely and securely attached to 

the insitu soil/rock/boulder mass. 
Special methods and/or iaterials may 

be necessary to complete this work. 

If a cement mortar or grout reterial | 
is used to seal the sides of the hole, 
the mix shall be such that the one day 
strength does not exceed 100 psi. 





Prior to the start of work under this iten, 
alternate methods and procedures proposed 
by the Contractor for properly installing 
the S.I. casing will be considered and if 
approved by the Engineer will be allowed 
to be used. 


aD Capping and Enclosing Slope Indicator Casing 


1. The protective cap shall be installed at the top of 
the S.I. casing. 


2. The 6 inch diameter drive pipe shall be capped. The 
cap shall be flush with the pavement surface after 
paving is completed. 


1.4 Method of Measurement 


The quantities to be paid for shall be the actual number of linear 
feet of slope ir.**cator casing satisfactorily installed in accordance 
with this specification measured from the final pavement grade to the 
bottom of the slope indicator casing. 
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Basis of Payment 


The unit price bid per linear foot of slope indicator casing shall 
include the cost of furnishing and installing the 6 inch diameter 
drive pipe and slope indicator casing, grouting (including special 
methods and/or materials as necessary), capping the slope indicator 
casing and 6 inch diameter drive pipe, maintaining the slope indicator 
casing throughout the life of the contract and the cost of furnishing 
all labor, materials and equipment necessary to complete the work as 
prescribed in this specification. 


No additional payment will be made for labor, materials and/or equip- 
ment required to seal a hole where grout is lost and re-drilling is 


necessary. 
Item No. | Item Unit 


17203.98 - Slope Indicator Casing Lin. Ft. 
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SLOPE INDICATOR CASING 


"DIA.RIGID PLASTIC GROUT 
PIPE WITH COUPLING 


I"DIA. NIPPLE 
1" DIA. COUPLING 
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RUBBER SEAL 
FIGURE | CHECK VALVE- 


YPICAL SLOPE INDICATOR INSTALLATION 


PROTECTIVE 

SLOPE INDICATOR CAP 
DRILLED AND TAPPED TO 
ACCEPT I DIA. PIPE 
NIPPLE. 








I"DIA.IPS PERFORATED Lj 
PIPE 


1’ DIA. PIPE CAP 


FIGURE 2 
TYPICAL GROUTING CHECK VALVE DETAIL 
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ITEM 17203 S80ISUPPLYING NEW READOUT EQUIPMENT FOR SLOPE INDICATORS AND TILTMcTERS 


D95475 


6 | Description 


Under this specification, the Contractor shall supply and maintain 
new slope indicator and tiltmeter systems. After the completion 
of the contract, all equipment specified under this item shall 
become the property of the State. The equipment shall be in 
proper working order when turned over to the State. 


2.2 General 


The slope indicator and tiltmeter system shall consist of the 
following component parts. The model numbers are component 
parts provided by: 


Slope Indicator Company (Sinco) 
3668 Albion Blace North 
Seattle, Washington 98103 


and are included for reference purposes only. 


Sinco Model No. Qty. 


Digitilt Indicator w/manual component switch 50306 1 
Digitilt Biaxial sensor © 50325 1 
Digitilt tiltmeter sensor 50322 1 
Ceramic tilt pletes 50323 25 
Control cable 50610 100 ft. 
Pulley assembly w/cable hole 51117 1 


2.3 Materials Requirements 


All materials must conform to the specifications of or be the equivalent 
to the equipment listed above as provided by the Slope Indicator Company. 
All slope indicator-related components must be compatible witn each other 
for each installation. Any equipment desired to be used other than that 
listed above must receive prior approval by the Director of the Scil 
Mechanics Bureau. 


2.4 Basis of Acceptance 


This material will be accepted on the basis of the manufacturer's 
specifications for the system subject to the approval of the 
Director of the Soil Mechanics Bureau. 


= 
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2.5 Basis of Payment 


The bid price shall include all costs of furnishing and maintaining 
the specified equipment. 


Item No. Item ; Unit 


17203.9801 - Supplying New Readout Equipment Lump Sum 
for Slope Indicators and Tiltmeters 
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17605.2599 HORIZONTAL DRAINS 


DESCRIPTION 

This work shall consist of ae installation of horizontal drain pipe 
at the locations shown on the plans or as specified by the Engineer. 
This item includes the work for advancing the boring, however, the 
boring equipment shall be furnished under the item Furnishing 


Equipment and Site Preparation for Installing Horizontal Drains. 


MATERIALS 
The PVC material for the drain pipe shall meet the requirements of 
ASTM Designation: D1784 for "Rigid Poly (Vinyl Chloride) Compounds 


and Chlorinated Poly (Vinyl Chloride) Compounds," Class 12454-B. 


The molded or extruded pipe shall conform to AST™ Designation: D1785 


for "Poly (Vinyl Chloride) (PVC) Plastic Pipe," Schedule 80, PVC 1120. 


The solvent cement shall meet the requirements of ASTM Designation: 
D2564 for "Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic 


Pipe and Fillings." 


The dimensions and tolerances of the pipe shall conform to ASTM 


Designation: D176&5. 


Nominal Pipe Outside _ Wall Thickness 
Size Diameter Schedule 80 
(Inches) (Inches) (Inches) 


A 72 1.900 + .006 0.200 + 0.024 


pen 
a 
5 


The pipe shall be flush coupled, and shall be continuously slotted 
except at the outlet of each drain. The slots shall be in a tri- 
slot configuration, i.e., three individual slots around the perineter 
of the pipe. The slot width and number of slots per foot of pipe 


shall be as specified in the proposal. 


Basis of Acceptance. All pipe, fittings and solvent cement shall be 
accepted on the basis of the Manufacturer's certification that the 


material conforms to this specifications. 


\ 
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CONSTRUCTION DETAILS 

The drain pipe shall be placed in a cased boring that is inclined 
between O and 20 degrees above the horizontal. The actual 

inclination of each cased boring shall be specified idthe field 

by the Engineer at the time of installation. The inserted end of 

the drain pipe shall be plugged in a manner acceptable to the Engineer. 
The drain pipe shall be slotted except for the last 20 feet of the 
outlet end. After completing the required drilling, the length of 
drain pipe shall be cemented together and inserted into the Kei 
such that approximately two feet of the drain pipe will be exposed 


after the drill casing has been renoved. 


METHOD OF MEASUREMENT 
Horizontal drains shall be measured for payment by the actual number 
of lineal feet of plastic drain pipe satisfactorily installed and 


approved by the Engineer. 





BASIS OF PAYMENT 


The unit price bid per lineal foot shall include the cost of all 
labor and materials necessary to furnish and install the drain - 
pipe. All tools, and equipment necessary to complete the work 


shall be paid separately under the Item for Furnishing Equipment 


and Site Preparation for Installing Horizontal Drains. 
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176052699 FURNISHING EQUIPMENT AND SITE PREPARATION 


FOR INSTALLING HORIZONTAL DRAINS 


DESCRIPTION 

This work shall consist of furnishing all equipment necessary for 
progressing casings for horizontal drain pipe as well as labor, 
material and equipment required to construct, remove and regrade 
any necessary access roads, working platforms and drainage blankets. 
The work for progressing the casings shall be included in the item 


for Horizontal Drains. 


MATERIALS 


Equipment Requirements 
The Contractor shall furnish rotary drills and auxiliary 


equipment, including water pumps, to progress a cased 
boring through which the horizontal drain pipe will be 


inserted. 


a) The Rotary drill for installing the casing shall 
be powered by an internal combusion engine that 
is rated at a minimum of 90 horsepower at the 


flywheel. 


b) The drill head shall be mounted so that the travel 
direction of the drill casing is parallel in a plan 


view to the direction of travel of the crawler tractor. 


c) The minimum inside diameter of the drill casing shall 
be sufficient to allow the plastic drain pipe to be 


inserted. 





Working Platform and Drainage Blanket 


The material furnished for this work shall be visually inspected 
by the Engineer eae if satisfactory for the intended 
Ae The Bete reserves the right to reject material not 
meeting the following requirement: a crushed stone or crushed 
gravel blend by weight consisting of 50% No. 1 and 50% No. 2 


size as described in Table 703-5. 


CONSTRUCTION DETAILS 

The Contractor shall construct all necessary work platforms and 
access roads. At the completion of the installation of the drain 
pipes, the working platforms shall be regraded to the limits shown 
in the proposal and the access roads shall be regraded as nearly 


as possible to the original contours. 


METHOD OF MEASUREMEN 


Payment will be made at the lump sum bid for this iten. 


BASIS OF PAYMENT 


Progress payments will be made in the following manner: 


Fifty percent (50%) of the amount bid will be paid when the 
access roads and work platforms are constructed and the 
equipment for installing casings is operating satisfactorily 


at the site. 


Twenty-five percent (25%) will be paid when all of the casings 


are properly installed and removed. 


os 





The remaining twenty-five percent (25%) will be paid when the 
site is graded to its original or designated condition and 


all equipment and materials are removed. 
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SUGGESTED SPECIAL SPECIFICATION FOR 
CO. RD. 3 (FLY ROAD) AND PCRR GRADE SEPARATION 
PSC 25928 PIN 2750.21-101 


ITEM 02203.1199 HOSE SETTLEYENT GAGE 


Description 


The Contractor shall furnish, install and maintain in good operating 
condition the Hose Settlement Gage and all sppurtenances required by 
this specification and the contract plans et the location shown on 
the plans, or at locations ordered by the Engireer. 


Materials 
Materials shall be provided as shown on the plans. 


The PVC pipe, couplings and solvent cement shall meet the material 

requirements of Item 706-15 PVC Plastic Drain Pipe System unless 

modified on the plans. 
; | 

The bedding sand shall be any fine aggregate meeting the gradation 


specifications of Item 703-07 Concrete Sand. 


The concrete used to construct the terminal blocks shall meet the 
material requirements of Item 601.02 Class B Concrete for Structures. 


Construction Details 
The Hose Settlement Gage shall be instailed according to details shown 
on the plans and the following construction procedures. 


Prior to embankment placement, but after topsoil removal operations if 
required, a shallow trench with a smooth bettom shall be excavated at 
the locations indicated on the plans. A three inch thick bedding layer 
of sand shall be placed in the treneh., This layer shall be shaped to 
conform to the plan grade. 


Connect tne PVC pive using slip couplings and solvent cement and lay it 
in the trench threading the 1/8 inch diameter flexible non-corrosive wire 
rope (airplane cable or eauivalent) threugh the pipe as the work proceeds. 
This cable shall be one continuous unspliced length... An 'eye' is to be 
formed at each end of the cable using copper or aluminum sleeves crimped 
with a hand swagger. - : 








Cut and thread the PVC pipe at the terminal wlocks for the placement of 
the end caps. 


The installation of the PVC pipe, cable and serminal blocks shall be 
inspected and approved by the Deputy Chief Ergineer (Technical Services ) 
based on an evaluation by a Departmental Soils Engineer. 


The PVC pipe shall not be covered until the Engineer has surveyed end 
recorded the elevation of the PVC pipe and the position of all couplings 
and measured the total length of the PVC pipe. 


Hy) OD 


Backfill the trench as shown on the plans. 


The readout device and personnel required to take readings will be supplied 
by the State 


Method of Measurement 


The quantity to be paid for under this Item shall be the number of lineer 
feet of hose settlement gage installed in accordance with the plans or as 
directed by the Engineer. . 


Basis of Payment 


The unit price bid per foot of hose settlement gage installed shall include 
the cost of furnishing all labor, material, equipment maintenance and 
tneidentials necessary to complete the work including all excavetion and 
backfill of the trench and construction of and backfill of the terminal 
blocks. No payment will be made under any other item for the Work 
necessary to complete this Item. Payment will be made upon satisfactcry 
completion of the installation. The hose settlement gage and appurtenances 
installed by the Contractor shall remain in place and become the property 
of the State at the completion of the contract. 


Damage to the hose settlement gage subsequent to installation, during the 
life of the contract, shall be repaired by the Contractor to the satisfaction 


of the Engineer.. 


De 
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Item 17648.26 tee Vane Shear Test in Soil 
Description. 


This work shall consist of making vane shear tests in soil. 
Materials. 


The Contractor shall provide two sets of new vane shear equipment to be used 


by the Engineer on this contract. The vane shear sets shail include all the 
necessary vanes, drill rods, bearing guides, torque assembly, force gages, 

and all other equipment necessary to complete the vane shear test. All of the 
equipment Sc for the vanes and vane rods shall be equal to the vane shear 
apparatus manufactured by Acker Drill Company. The vane and vane rod 
equipment shall conform to the details shown on attached drawings numbered 
SML604RI (Vane #3 - 3" x 6") and SM1611RI. 





Construction Details. 


These tests shall be conducted at selected depths in the soil strata as 
directed by the Engineer. Each test shall consist of a series of two 

vane shear strength determinations taken at depth intervals of twelve (12) 
inches. Each series of two vane shear strength determinations shall 
constitute one vane shear test for payment purposes. Most of the vane shear 
strength determinations will be obtained by utilizing a shearing strain 

rate of 1.672% per minute. Up to 10 special determinations will be obtained 
using lower strain rates. It is estimated that up to ls hours of 

yy ee, time will be a te ti Ad test ior Sig Helin Three "Blank 






8 e test..i : : 
“npineer. Biank tests are performed in the same manner as vane shear tests 
except that the vane is omitted. Special tests and blank tests when 
requested shall be considered a part of the entire vane shear test procedure. 
The Contractor shall assemble the apparatus including bearing guides at 
depth intervals specified by the Engineer and placed at the correct elevation 


in the drilling hole. It will be necessary to assist the Engineer in 


conducting the test by recording test readings and furnishing other assistance 


necessary. The Engineer or his designated representative, however, will 


operate the Vane Shear Test Equipment during the shearing strength phase. 





After a series of two determinations have been completed, the Contractor 
shall obtain soil samples of the materials encountered at the elevation of 
the vane shear tests. 


Method of Measurement. 


Payment will be made for the actual number of vane shear tests conducted, 
as directed by the Engineer. 


Basis of Payment. 


The unit price bid for this Item shall cover all labor, materials, supplies, 
plant, tools, including the vane shear apparatus, and incidentals required 
for assisting in the vane shear tests, special tests, blank tests and 
obtaining soil samples. 
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VANES- TYPE 301 STAINLESS STEEL 
SHEET, 17 GA. 


HUB - TYPE 31G STAINLESS STEEL 
COLD DRAWAL KOD- 


DIMENSION | VANE | VANE | VANE | VANE 
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NOTES _ 


4, FILLET WELDS SHALL BE MACHINE GROUND 
TO A UNIFORM CONCAVE RADIUS OF .29° BY 
MEANS OF AN APPROPRIATE WHEEL. 
FINISHED WELDS ARE TO BE FREE OF ALL 
DEFECTS. 


2 FAL FINISHED UNITS SHALL DESZRIBE A 


CONCENTRIC CYLINDRICAL SURFACE OF 
REVOLUTION WiTH A DIAMETR AL FCLEZANCE 
OF OF" TOTAL WHEN ROTATED IN THE ne 
OF THE HUB THREAD CONNECTION. 
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